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CHtAIRAN

'DR. H. X. NASONf
MONSANTO CHIM1OAL O01MPANY

MR. go L. j•M,-111 (Researoh and Development Board)# ThisI: B~mposium In $polsored by the U. 3. Naval Ordnanoo Tout
Station and the puels ad Lubrican, b Committee of the Research
nd Development Board (p rtioul rly the Panel an Fuels

RequirLing Oxldsd.be1). and iu the reason we are here today.

I vould liko to point out that the overall alansifiOa-
Mton or the soesion Is "Confidential," although some u" the
papers vwiil be olassified lover. The program is also
classified "Confidential.'

SThere are tvo ehanges in the program. Dr. Eugene Li&ser,
head of the Chemistry Section of the Naval Ordnanoe Test
Stottion, vill give an, address of welcome Instead of Dr. Gant%,
as i.ndicated in the program.

Dr. Howard Kruse, of the Naval Ordnance Test Station,
viii be chairman of tomorrov morning's session.

If thorn are no qucetim•. then it Is my pleasure at
this Lime to introduoe to you the Chairmlaa of the Panel on
Fuels Requiring Oxidizers of the Committee on 'Fuels aQd
Lubric•ante, Research and 6evelopment Board, Mr. A. T. Tony
Nerad of the General 1eectric Company.

'I

( CONFIDENITIAL
SECURITY INFORMATION

F

A , ,___



"CONFIDENTIAL

MR. A. J. NMPAD (General fleotric Ocmpany)t I am listed
on the program to welcome you and, am per my ulaal Cutston
I won't take but one minute. It Is grand to be able to find
an auditorium to hold this Symposium that Is an large and
-oa•ortab.e as this one.

A The Panel on Fuels lOequIti8a Oeidisor, together with
theo U. 3. 1av•a Ordunnoe Teot Stmtion to holding this
Sy•poosiam. We have held other symposia on other 4ubj:ots,
and the getting together and the exchanebla ? of ideas smed
in those oases to be so highly sucoesiful that I look for
this sessions to which I again volaome you, to produoo the
same results. I hope you take with you a great deal from
this Symposium.

sm. Ku•z'NI Thank you, Tony,

As you Ali know by this time, the Symposium It being
egotoiOred jointly by the Ronearaot and Deve lopzwnt Board and
tae •v~l Ordnnuuie Test 3totion. A word of velooma now
from tle Naval Ordnaneo Teat Station, Dr. Zuee*e Lieber.

DR. MOMiE LZ1MR (U.S. Navel Ordnance Test Station),
Thin I. a ramiliar auditorium to me, having urpat a feyyearn hero-e .a p rofess~or, and I am glad to sosoe mofa my
very good friends her*.

I hrvo an Ain~owiosmen~t to make whicoh I think we will
all bO sorry to hear. Professor Audrieth is ill and will
be unable to attend the oonferenoo nd likevime Professor
WLtt of the University of Teoas. frofessor Wattle being
represanted by Mr. ,hrisp, however, and I am oure he will
be ably represented.

The main work of this oonforenco lies iwiinddiately
before us and as the time to really uhort, with only two
days for the large number ot papers anA I hope a tonsiderable
amount of disousuion, I will also make 4 e rmarks short and
conoise in behalf of the Naval OrdnanceTost Station.

I find it Is a happy privilege indeed to welcom all
of you in the name of the Bureau of Ordnanae e*d the Naval
Ordnance Toot Station to this conference. I give such
veloomo to you from the Teohnioal Director, Dr. Prederiok
Brovw, and the Commander of the station, Captain Stroup.
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This contfrence hau its Inception in uveamleo of 151 Iln
a discussion I had with D11 Shoehan of the Bureau of Ordnance
in Va-shin~ton, and Dill immediately panned my .•ugastion
alons to oew' Kloin. I telephoned him and the conaforesce
took birth -bout ,y 1952p 1A the torm of a suggmseted &Send&
whioh I drew up with the aid of my oolleagues out at theStatlon.

e For the really hard vork In organising this conference
we must compliment Oene Xlein who took over the ohiet burden
of orrespoudence and the other detailse ind NOT'0' Dr. Hovard
frume, with whoa you will beoome better aoquainted ieter in
the OAoerenoe.

We should indeed express our Indebtednese to our friends,
Illinole Teoh, for the tine taoilities. Many of you here,

, I think, will renouber the fine faoilities ve enjoyed at
our orareno. bn nitrogen ooapo'mds held in September 1050.

r., ily, a word of thanks from MOTS to the Chioago
office : ONI] for their aid and the fine dinner arriiangemAent
they have uw•e for me.

I need not say that this oonferenoe is important and
timely. At premnt everyone in oonoernod with the world
situation and I express the attitude or all of us in saying
that we hope that what is said here vll aid in solving
siom of the diftioult military problem, which confront us.

If I were asked what my high motivation was in oonoely-
Ing this conferonue It would be to ensure doieAtifte
advanooment in.hydraine ohemistrzy by bringing together
thin group of workers of distinction uo that they might
get to know each other.

Thank you.

MR. KLXINt I uade one omission in the Introduotitna.
I want you all to meet Miss Selby, who will reoord the
discussion of this meeting. Miss Selby in head of the
Oonf'erence Reporting Unit, Research and Development
Board.
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It is aso 4 distinct pleasure for mw to Introduce the
,iramn for the firat session oa the Symposlux Dr. Heoard S.• l.b1n, Director of Researoh for the Organic Chemical Dilvision
t.7 the Monsanto Chemioal Company, and a msivber of the Panel
on Puelb Requiring Oxidizers, Research and Development Board.

Dr. Nason

(At this point, Dr. Moyard I. Namn, Monsanto Chemical
Company, assumed the Chair.

T l OPAIMRiW Thank you very much, Cone.

Two of te hardePt things to get your fingers on 1%
the overall work in a field like this are the actual require-
ments of end Items related to fuel propertiesL and Inforsation
on what our ompetition overseas is up to.

We are very fortunate, therefore, this morning to be
able to start this program with a puaps on one of' these two
fields. Mr. Ivan Kenis, or the Air !eohniaol Intelligence
Oenter, of Wriht-a•tterson Air Forse aseo will pi:sent a
discussion of the Oearn and Soviet Experenoe in the
Nydrasino Field."

Mr. zenls.
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GERMAN AND 3OVIET UXPRRIENCE INHE JI!DRAZINR PIRW

by

Ivan X0en1e 1
Air Veool Iotellence Center

The German wa•time experienoe vith hydrailnc has bea well,
publttoisrd in many reaort prepa•'ed by the wrttish intelligenoe
Obuotilves Sub-Qohm.t @o (191,3,5) and the Combine Intelligence
Objootivee Sub-Committee (4). These reports describe the manu-
faoture or hydrazine liyrirate by the Hasohig pxoosess and minor
modltioationu of this provee , in the three Gorman plants which
Vero formorly at Oorsthofen, Ludwiiaohen and Lavevrcuarn. Zn
addlition, the exoellpnt zonotraph bit drieth And 0 teato
the ftauhi; proooeo in oome etall I ). Debails or tho methods
of manufactur e &r3 familar to most inveaitigatoras aul It should
suficeo to bouoh only upon sO*e of the lpoblems ontnountoered by
the Gormans,

The Leverklinea and Oaersthoen plant oPerations weo based

a ,atto, of oouvenionoe. The LudvwghatLen plant, oatimated at

20 tone/st•onbh oapacity, produoed hydraziine 4ur1ato from whioh
tho hydrate wr, e rooovoed by txrostment with sodium hydroxide
followed by nuooeealve diet~llatlons. The Lverlcusen plant was
de:igned to produce 50 '.,nu month and mervd on thq model flor

st arsthoftr plant whtoh war to produce 300 tona l .onth At
both pltants the hydrate vas produoed direotll without the
inteormediato amltte step. The Qorethofen plant was deoigned as
th;,ue independent 1O0C ton oapiLoitj units, only o0e of which asa
put into oporation 1roro the end of the wr,.j and this 'unit never
.xoeoded a mtthly produotio.n of 50 tons.

Porhapa the moast Important hydrasine dovolopwent duwla- the
war wan the direot reotifioation of hydrazfi.e from the reaction

roduots vithout the interwedtata hyd.arine multato step. It
v paradoxical that this Improvement was known to the lPaohil

firm many• yers bWforo the %rar but war to be ro.icuoverod by
the oombined efforts of tho 1. 0. 1.arben Xndvetrle and the
Bleotoohemioohe Works, Munioli. Although It %ris MAuohig who
Introduoed hydra•,loo hyrdratis to the German AvlAtion Research
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Inetitute, the lasohig plant produced less than fly* (5) tons
tLroughout the whole war; hoverer, Rasohig vas eapable of
produoing only one ton per month.

Squally an important au the direct reotirlcation prooess,
wore the yield Improvements vhioh Vero brought about by
Inoreasing ths temyoraumre ot the hypoohlorite-ýanonia mixture
to 16000, and oimulaneously using a high preusul-e (30 atm) tu
manWa n the reactants in the liquid phase. Wlhen the oGOeiMM
In 1944, sold the hydrauins prooese to the JApaneee, the high-
PVouaure p±odes wan purposely omitted from the transaotion.
The aotua transeor or tecbnical data to Japan was delayed by the
war situation until June or July 19 4,. The contract provided for
a eGrmAn tcohnioian to go to Japn , but this did not takceflaos
As far as oould be detormined, the Apaneme atver suoceed in

trodualng hydrasine in the ahort period from l944 to the end of
the war,

During the var, ten Imp:ovement patent@ vere filed by
0oran inventorm, although all were not granted. Aside from the
direot rsoutiioation high-premmure continuous prooosa, these
patents oontained tIitle of arty signitioanoe. %.ioy deAlt with
minor improvowontu ori questionable vAlue. WNither the Geomrn
eo4e0Ietia literature-of that oriod - there was pactically
none published - nor the als•i tied intelligenoo dooument
indicated any researob on the preparation of anhTdrous hydrasinu.
Interrogations on the subject of anhydrnue hydrazine direootedt -o
the principal scientisto ernigaed in the 'iulG, confirmed -that
only the hydrate was considered by the aermen overnment, although
tho advanbaicm of the anhydrous prodmut yere reaognised and at
lea•t one investigator oonsidered beginning research on the
sTntheuis of h Idrauine from its elemetes or from ammonia under
eleobrio dinchar u. The short 4ime available for the development
of oomm•eaial. boraslne hydrate, covering 194a through 19 44#, and
the urgonoy to supply this fuel to their rooket propulsion programs
left little time for researohes of lea immediate rosulte.

Although the principles of the Rasooig procuse are well
known it may be volt to aite come of the praotizal difexoulties
the Oerman" oxperienoed in produoing the h~drate on a continuous
basin. For example, the problem of starting up the plant required
a good deal of competenoe in order to bring the slstem into
oquilibri u. Repeated stoppa as due to bombing rlid. made it
di ftiouIt to maintain produtfooa at a uniform rate. Furthermore,
it has been reported that most of the operators vore foreign
prisoners of var, which should bave added to the dtfficulty of
full oapaOlty operation,

6
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stopRemoval of the sodium chloride periodioaly from. the S its$

stop in rooovering the weaek hdrate solution also presented &
problem. Mxeeas sodium h droxide in the salt caused it to
oake and deposit in the steam hooter. This Was alloviated by
the &•.ritsea•n of high liqimld velooltiei through the tubes plus
a oontrol of the0 o oneocesntration to less thn 6% in the yeat
liquor. Tho malt ovaporator Md to be terýnorarlly vhut dovn
V-Yry two hours for ;Mt removal; howover thln oporation d14

not affect the oonbinuous conoontration of the liquor.

Another problem presented itself In the oonoentr&tion
toWers. The origInal distillation towers vow. paokod vith
orelolin /laseohI rings. However after a period of opertion
he rings wore thin and vere goopletely dissolvod 1l oin, on o

four months. Pceoolain was observed to be doposited evem,71rhGoW,
partioula.-.y as a oa~ting on tho heater tuboe Aud, oonvqojuntl.,
the fVnohig rugs wove ruplaood with art~inless itooL ttirnlints.
MoeVoer, a fiew dys lator the CinAl conme btrt Ing eolut, O::)loded.
-ubnoaquent love it ation revealed t~hrkt wthon the h iirgine 11yArate
vapor vas ptauand over tho ateol turni.ngs, hot spois oocui'res at
points, on tho surfuaeg and dooompoNlbion bogan which rosulte4
III the .pLovaion. Thia diffioult•. vuo overcome by otxbstititting
statnl eon stool bull plates in tho bottom h.4Vt' of ths tove4r
whoro tlie ylruzino hyd.rato conoentration v.,s rho hi1,heut. A
slight ponltlye nitrogon proosure yas alme employed to red4ice
the eoffeot of oxygen explosions.

The manufaoturing teolviqueu for the productiOon of the
hWdrote were nut oo4ptet~oly woked our In that the most efficient
oporation was nevor tohiavcd. Data used in tiho donign o£ the
Filot plant at Levoar.ueen zhowed ohat the *oonotaioal ohoioc would

Ve to be mzdo betvven the oonoentration of h draine hydrate
in the produot liquor and the hydrtuxine yield based on the raw
mabewarts,

ZII the plant overntions, hydrasine hydrate was oonoentrated
¶rov• 3% to 15%, then to 60C and then to 80%. The plant could be
operated to produce 95% hydrate. Figure 1, page 4, illust•ates
the effoob of the hi oehlorito ooncentration on the yield ofhydza~1ne hydr~ate (l),

The deroat of Germany did not ield a gtreat d.al in the
way of hydrasine hydrate production faoilltios or teohnicianls
for the 8oviet* forces since those ere, not in their son* of
SOOOpation. However$ this fact Is of little real signifiocane
since the 8ovlieto bad themselves, investigated hydrasine syntheses
many years prior to the war. In 1905, Schostkoft proponsed a
then new synthesis based on the action of hypoohlo ites on
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urW8 (11')o In 1923, Putolrbin published for the benefit of
tho Soviet chem~ists, th oipeed toi of the ftbohiB prooess
for the proper.%tion or hdrauin~e, its es1.to "~d the hydrate (19)i
Judning from the past Soviot claims for dinooweriew, we wyexpect
to mne puh1.ishod at mon: future date., a nor* *or-.plots list of
1jn±ent Inventlc~lors Vh'o wll. 4o doubtA,by ftouiot chronology,
UW)ýC&"'to the work2 of Curtius 11.887) in 0i isolation of hydramlue
and1 ]i-ooboirlm wor'k (18'1) i(ith ofteknio hydrauinee.

A recent review of tho Soviet literaturo by Davis& Vtomelow-
skcy and :ohznotcn (6, 7) choved that, bused ou the ublishod work
avai.lable to tho Western wforld, there seem: to be Ittle intorostý
in the theror ~ziulo propiortion of h~dwvzins. Tghere to also a
lack of oontwlbulzibrs to the ubudy o.. dieompouitiop or tho
oxidation of hydramins. Ttb1 I shows the io,..t~rbutloae to the
liztertre on tbho kinetics, theraklyflaZio.1, phyoiiol properties
and4 iD:7.D'ji';Aturft of hy]razluo as compiled by DavIss VeIcooy
and Johnjutou (7).

it will be noted thait S~oviet oontrbutions n1umber only
claova out of 1'72 papormi 1roo all ootwtrlenj or a~bout six oero ot.
J;Vd!,Wf :00A infOr.ý .tiO4 Vr dýVO .t.rQ)4 Otho t4ij uoieritirio
pu~lcto c~nol'~mo, tbito da~tAi bel~ie the faiot3 of vlr.ýt in
'iotvt".1. 0ooaw.-ing III Wirt. Pid, In foot, VEI Co.." oonaiuo1 that
tl,,. ~tovidvoe of Itl'let~ vcric, vhol~hor of' good or b,% quality, In
oionupsououm by thti abov~ioe of tho S$olitt ;wporvs. Zu~ii'.o
rolitivaly foil of W1.rifj papreO~ b~va~ bo'on obotorvcd oinae 1.940s

ivdi~ltllg hx~j.40iýýp hig4 do so of 0lý44urlty in PlAUed on

!Votala e Exceptions to Vponrm.piohlishei since 1940 are those
b dc-gihn J6) on bivary oayu{noru or hd-1raonsa and by Pleijlcov

13) an eoctvode pottotials In an ou - yr~ie 1'ooo
RelloaItved, In 1.945, the pbunibil.Ity ofGob~tCthe amides Ion
III liquiud ammonia and pootulatea the formnt ion of hdrAvine from
the c~owennation of the awide radicals (1.3), li!o furbhor o";or1-
nen1n], vmvidoc~ne was presonted to tiupport this poistul~ation.

At any i.ate, the Soviets did obtain quantbites of hyd razine
h I r it, m41. in the form~ of the C-5iuoff* roalokt pool

b nfromi veu~i pplT-dwpr~ts.~I~nWtra. van
av 11iJtbble to oariunt an adequate rocket engine toot programuntil. Eoviat oontr'o1led production could get undorvay.'

Diriultanieoucly the began a recruiting prop-amn to obtain

WTV-tnborrz 31% hidrasino hydrate$ 536% oethatoi., 13% water plus
130u (ON)4 cat&lyst (approx. ooup.)
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p r1 bDEI TIALt,
"hydrawine plants. This program not with little auece but, In
S spite of this, the Soviets succeeded in putting Into operation
in the 21st Zone of Germany, a bydrasins hydrate unit at least
Lu large an the Oe(rmn rartime (.aroity. Tats plant to r i .ot*4
to havo produoed in excess or 1.000 tons bydracine hdrAtoe durinS
1951. Planned production tor 1952 exceeds 4'JO tonns all Of
which is to be shipped to the UV3R. Such largo quantities, eoupled
with the fact that probably less then one-tenth, of these qusatitles
could find use: other than is a rocket fuel, suffot not only &.
active rocket test program but probobly a well planed sto- k-
pIlIg or t•hit pyotontial 47 ý.* i . ?urthe,.ore, it is not unlikely
th-it the Sovieta could dehydrate the hydranine hydrate roueivod
from Gort.my. Wutfiolent evidence ts at hand to confirm Bolliet
intense interest in the rocket airplanes, MZ-163 and the DPM-346
both of which €mployed hydrasine hydrate. Converulon of thuOo
craft to the uoe of anhy•rou3 hydrasino, plus an adequate •rUoving
point depreacant, may bo the soviot plan.

So.te of the hydrazine mtnufactured in aman, to prodUoed b7
the hydrazine nulfate intormcdiary-,abip folloved by br.•hient with
sodium hydroxido. Anrly•i• of the sulfate produot agrcod quite
voll vith oheomic" handbook data; howevor, waterilao rop..'eunted
to be the finzihad hydrate have co far proven to be only a:,ioia
s0lution•, probably the raw m•towial. usc4 In the proo�ss. There
are indications that hydrasiee. h7date is &lo0 pclduoud via ursa
aud hyp oohlorite , ao roll as from a;ýonia and byprchlorito itithout
the aulfate stop. There are at leat three planto avaounted for
I1n the ,Act Zone of GormanJy ihioh are reorted to be producing
hydrr assino hydrate by these processes. .A duplicate of the largest
of these plan-t is being erected in the Ural mountain region of the
USSR1. The oeaot location has not yet been detertained.

In a xnariszng, we can conclude that the Soviets have at
theo, diupooal hydrasino plant capaoit7 as Groat or greater than
Germanys va'time oapacity; and that those plants are producing
at th•xee to four times the rate attained by Carmny at the end
of the war. We can aunume that, its Las been custo,'.rl in other
fields in which the Soviotshad much to learn in a short time,
they spent only l•uited time and money on procesoos which required
much roeoeroh. Instead they concentrated on duplioating known
production proceoues. An a result', we find them probably aem far
along in the hydranine field an any nation of the Western powers.
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Final Report 11o. 1682, Item No, 22 (AUI Not 216.).

2. oinurocture of ffidrastas 9.1.0.5. Fisal. Report Do, 359#
Item So. 22 (AUI ft. 61#092).

* 3. Som~e motesa on *dnufacturo of via20gov Pewozo ityd rsasino

pinnl Report Neo. L209, Item No# 2 WAX No. 57651).
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10. 1111n, A.; EWsl. 1Aoferat, Zhur., Vol. 3,~ 1940, PP.. 89-90)
Preoparat~ion of Hydrazine Salts,

11. SchstakofC, P. J.1 J. Miumv. Phys. Ohom. So*., Vol. .37,
1905, pp. 1-71 Aotion of Nn~ooh lorites on OarbamIdws Now
Synt~hesis of llydrauine.

12. Putokhin, X.1 Trans. Inst. Me~mo REggents Mosaov Vol. 2,
1923, pp. 30-6; Prep.aration of Hyd aaino, its Salim &ni
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TH' DEh"YDATZN 07F M1IRAZINS BY AZROTHOPIC DISTILLATION

by

••ohn V. ClOLsx, q..wilon, and R. P. Mun~ep

0attee1* Memorial Institute

Presented by
Je~hn W. Clegg

Axnhydrous hydratl-e is expensive and somewhat diffioult to
obtazin by methodm ourreDtly employed. Hydrsine is pr,.,uaed
ohiotly by the nauchig process, frosa vhioh it is obtained in a Iow-
oowcoitratlon, aquoous solution. Convontionrl distillatioa methods
may be uwiL to cornonta rte this solution to the hydr±i4ne-vater
&V1.,otrpe co01i44 ln approxi:,telY 70 peraeut hydrA•ine a nd 30
poroent vatorkA}. Vther concertration of thin L¢'.terial t..
dlffotilt blcauos of the fo~uation of this mxiamu-boilirn
hydramt-vuter azeotrope. 3evoral chemlcal dehydrating prooeaest
have beoc. týourrtly ueed, but these either viitploy rexotive solids
or proj•ed through the foraztion of a prealpitate vhioh is
difficult to handle.

Eiploratory work Vao undertatkeo, therefore, to deteraine It
anhydrous hydrnaLr, could be recovired frow the hydrarzinO-.ater
azootropo by addi:• a third oipoan.-it aud distilling. Of the
nwvtrous matorilac tested Initially, Anillne van the firut to show
rOCL 1)1O1Ao), as an tfreative entrfirer, and will be used an an
exa-uplo in d, euribinoj the procedure. Anilinn is knovn to form an
azcotrope •t.Lth water ountainlng 81.8 percent water and bniling at
98.50C. This 'As 21.60C lover than the hydrazlna-vater eaeotrope
which boils at 1201.0 C.

The first Inventigative procedure consisted of the determina-
tion of dkitillation curves for various mixtures or interest.
Tohem,) curvou were obtained from a Todd "Precise Fractioniation
Asonmbly, " ihoVn ta Figure 1.

The Todd fractionating column. consisted of a
1/' inch glans column packed 36 Inoheit high
with 1/16 inch glans helices. The pot had an
opening for a atandard-taperod thermometer and
one for the entrance of nitrogen. All the v&pors
were condensed in the column head and the reflux
was varied by adjusting a valve on the take-otf
line. Rubber tubing from the receiver vent to a
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H DIIYDRATIONI 0F JYDRAZfIfg BY AZV0TROPY0 DISTnULTWION

by

ohsn V. 01egg, H. Q. Wilson, and 1. P. Munger
Battelle memorial ilstitute

Proseated b7
John W. Clogs

Anhydrous hydrazine Is expensive and somevhat difficult to
obtain bi methods ouirently employed. Hydrazine Is produced
chiefly by the 1aechig p'c~oos, from which. it is obtained in a low-
conoontration, aqueous voulution. Conwerntlonsa distillation methods
may be used to coneontrato t•iu oolutiod to tht, hydrazine-vater
a.aotrope oontAjni approximatuly 70 percent hydrayine and 30
perncnt water( Purther oon ovtration of this muterial is
diffioult bonuae of the forvn.Wtion or this wAximum-boiling.
hydrazine-vater azeotropo. novoral oheaical dehydr•ting prooesses
have been ourrontly used, but lheso either employ reactive solids
or proceed thrvh the foroAtion of a precipitate which Is
difficult to handle.

Sxploratrc'y work was underteken, therefore, to deteraine if
anhhydrous hydruline could be rooovered from the hydrazine-vator
asootripe by &dding a third component and distilling. Of the
nwioarous materials teotod initially, anilino vas the first to show
real proaiso as an offoative ontrainer and will be used as an
oxaap1.e In doAoribing the procedure. Aniline is known to form &arsootrops with water containingS 81.8 percent water and boiling at
9.°5O0. This in P1.60o lover than the hydrazine-water ascotrops

which boils at 120.100.

The first Lnveatigative procedure consisted of the determina-
tion of distillation curves for various mixtures of Interest.
P•hese curves were obtained from a Todd "Precise Fractionation
Asuembly," shown In Figure 1.

The Todd fractionating column consisted of a
1/. inch glass column packed 36 Inche* high
with 1A6 inch glass helices. The pot had- ia
opening for a standard-tapered thermometer and
one for the entrance of nitrogen. All the wapors
were condensed In the column head and the ref ux
was varied by adJusting a valve on the take-off
line. Rubber tubing freoe the receiver vent to a
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bubbler provided a nitrogen seal and asuad opera-
tion under a slight positive pressure of nitrogen.
Vapor terporatures were measured by a thermometer
in the rnflux heed. T'1e oolunu van shielded with
glaBs and was heated vith resistance vires to
Minitmize heat lssos, Both the heat load to the pot
and the oolumn heaters vere controlled by variable
resistor's.

Two hundred grams of1 material was used for each run. A
reflex ratio (total vapor to distillate) of 5 to 1 was used. The
distillate vas collected in a reoeiver whioh was changed for each
temporature change, and the samples wore weighed and analysed.
A typical distillation curve for the system hydrasine-vater-
aniline is shown in Figure P. This shows that the firat material
to distill over was the &nlane-vatesr agootrope at .0.500. The
nea.t 23 grams came over in the tewperature 2'anse from 116-118o0.
Analymis of this fraction shoved 'inornaing oontaainatioii with
hydrazine, probably In the fori. of the hydraine-vat•r a&Ootrope.
TWice during the distillation it was noted that the toe,•parture
Cell fron 118 to ll1O for a short timu In this region. After
this point, the distillate all came ovir at 118.'0 to 118.500
until all or the hdrlasine and water •ore distilled. All cuts
talcon in thin thid toemperature range except one analyzed wore
than 7P percent hydramine, .amdioating that a mixture of the
hydxraine-vateor azooatropo (68 weight percent hydrazine) and
anhydrous hydrazine was coming over.

A waterial balance on this experiment indicated that 96
percent of the hydrazine, 101 percent of the vater, and 94 percent
of the aniline were accounted for.

Sinoe anhydrous hydraxine was not obtained directly from dis-
tillations of the type described above, it was thought advisable
to determine the exact moohanisa of the distillatiun by following
the oourse of the fraotionations on a ternary diagram. Some
degree of dehydration vas certainly ocourring.

Psurte 3 is a plot oa the ternary diagram of hydrazine-vater-
anilin• shovw1ing the boiling temperatures of the pure compounds
and the two azeotropes foxmod. An inspection of this diagram
ouggests the presence of a high-temperature region connecting the
oompositiona or the hfdrazine-vat azeotrope and aniline. In
similar syntems, Ewell and Veloh'la found the presence of ridges
in the vapor and liquid surfaces extending across the diagrams.
These ridges wore usually curved and formed a distillation barrier,
but they could be crossed from the oonoavo side by rectification.
They could not be crossed, however, from the convex side. In the
region of these ridges the vapor and liquid surfaces were rather
flat, and therefore, they could not be represented by A sharp
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line. The resLts from several experiments like the one desnribed
above indicated the presence of such a ridge in this system#
extending from tho composition of the hydrazine-vater aseotrope
to the co position o anilline.

In Pigure ý liaes have boon drava connecting the invariant
oouvositioas of the szeotropee together with the ridge ares. Those
divide the diaGram. into three areas, Any ternary mixture lying
in Area 1, where hydrailne, the hydrauine-vater ateotrope, and
allf.,' Arse in eqnilibrivit vill, when fractionated, give pure
hyLdtrnzio in the first overhead vapor@. This Is because hydrasine
I,3 thi =oat volatile component in this particular ernarly mixturo,.
A mixtaro with a composition falling in Area 11 vill give the aniline-
vator nseotrope as the firot fraction, and likevise a mizture vith
a ¶eoipouition lying in Arc& II vill five the anilinea-ater
arotvope in the first fraction. A mixture with a composition
falling on the ridge, vhere aniline and the hydrasine-vater azoo-
trops mvy be said to be in equilibrium, will yield the hydrasine-
vAtoer aseotrope first, vhen fractionated.

The course of the above-described distillation vat followed on
the dingram in Pigure 3 by calculating and plotting the pot oamposi-
tiOna throughout the experimont. Aasondng that there is a ridge
in the vapor and liquid surfaces of this ayu1•sm tho ,nechanism of
the distillation may be explained as follows,

The original composit•ion lies in Area IZZ and the first
utterial. to distill over should be the lowest boilinu that is, the
anilina-vater azeotrope. Xnspection of the distilla on curve
shown that this was the case, As long as the pure aniline-vater
MooLhopo Vas coming over, tlM aomposition of the pot shifted
rootilinearly In the opposite direction. After a fev grams of
thin )!aterial vas distilled over the overhead vapor temperature
otartud to rise rapidly, indicating a chanee in oompoAition. The
oompotiioa of the pot at this time is ohown by Point 5. There
trano hydrazine present in this rraction. The composition of the
pot was onloulated by subtracting the veight of aniline and vater
in this fraction from the original pot composition, and a noe
oomposition of the pot was calculated, all on a weight percent
banis. The next threo fractions shoved inoroaeing amounts of
hydrn.ine by anatlyaisi 'and came over in a fluctuating temperature
raago olose to the boiling point of the hydrasine-water azeotrope.
The pot compositions at the end of these frAotions were still in
Araa IX on the diagram as Indicated by the presence of aniline in
the distillate. hen the composition of the pot reached Point 5
it approached the ridge area, where aniline and the hydtaxine-vater
aseotrope were In equilibrium. Since the hydraine-w ater aseotrope
was the lover boiling of the two, it appeared in the vaporse Tkis
In shovn by the overhead vapor temperature of 11600. While this
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( material vAN distilling, the rt oomposition shifted reotliesrarly
JA the opposite direatlon unt It. cosmposition movod off the ridge .
into the aroa where again the anillne-vater at "trope vas the
levest boillne cm.innemt. After a small amount of the aniline-
vater aseotrope oamo over' the pot compolition moved back upon the
ridgo, and tl•o hydrasine-water anootropo aoain apysard In the
Ovenboad vapors. This otepw:lso ahitting or distillate @oo:npoition
continuod until the ridgae was oroored. The erossing evideOtl7

eocurred shortly aftor the ond of the fifth out. The pot o&Apeos-
tion at thin time is plotted as Point 8.

As statei earlier, ,a 4ride of this type can be c roseed only
frow the ooneave side. Cnce the ridge is crossed, it to impossible
to shift the ooftpositiOn baoc into Aroa I. Thn pot oopoulti,•to
arrives in Aroa 1, whore anhydrou.s hydrazine in the 1,ovest boiling
watorial vh1oh 04a diutill. The pot oowpoisition at Point 8 in
nea:rl across the ridSo. Hyd.razino-vater nmootrope diotilltd until
the pot oompositiokis nhifted into Area 1, an mhn n in Figure 3.
As soon as the pot composition arrived in Area 1, anhydrou. hy.ha-
zini appearad in the distillate. This mtoerial co•tinued to
diutil l until the pot composition shifted batik to the ridge* where
the hydrazine-vater aeotrope started ooming over apAin. Thus,
the course of the distillation from this point to the end aeer-.d
to oecur InL inrit( '..'el topn oving to this rihfting of the
distillate oomposition, until all the hydratine and water had been
roeoved.

Tho temporature of the ovoerhead vapo s that oaxe off aftor
the ridge vas orostied van in the i18,- T8.500 range, showing that
memo of the hydrctsino-va.tor azootrope vas present. The composited
diatillabo contained musha more hydr•iane than the aootropio
ouponition, havover, to that the aeotrope had bern 'broken."

Optimum w •acovpv.tis of high-purity hydrazine depended upon the
looation of the ridge and ridge boundary. To find this quantitative-
ly' novoral diatillation experimonts were made in the Todd solumn
with va ryiag amopnts of hydrazine, water, and aniline. Thene are
shove in Figure 4.

The straight line between the compositions or %niline and the
hy'razine-water azoot.ops represents all possible ternary mixtures
obtainable by adding aniline to the ateotrope. This line is
called the "aniline addition line" in Figure 4. In this figure,
the ridge area is vid4 at low aniline oonoontraticnu. This area
could be narrowed by using highor reflux ration. At any reason.

' able reflux ratio however, there would be a wide area 0t lo
' • aniline oonoentrattons vhich would act as an effeotive distilla-

tion barrier.'..
201
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At lov anine oonoentrations the saniline addition line"
was nsiude the ridge area. Vude' thoes conditions5, very little
wmter could be removed before the distillate became oonteminiated
with hydrazine.* At high aniline concentr~tions, howverV both the
ridge and the Tidge bound"&y Vere soft distance from the "aMIlin
addition lines* Sines te primary objective, was to remove water,
the ~ptiam recovery of anhydrmous hydrasine would be obtained by
dg a charge femoved from the ridge boundary.
This would be a sharps that would probably nontain more than 6C
percent aniline.

Apparently It warn not going to be possible In this system to
remove all the water beorer the desired product, anhydrous hydra-
mine begoan to a oear In the distillate. Wei meant that a • ertain
amount or rooyol ng or imaterials was going to be necessary. It
wasn therefore# impOrtant to find out to what e ztent the system
vooud be dehydratedbefore roGo• ing beame ne.esoosaryf o n other
words, how mush of the water can be removed From the system before
anhydrous hydrasine appears In the disntillate?

Table 1 shows the amount of water removed Lo the first fraotion
for difpent concentrations of aniline A iazimam or about 68
pezmwoint of the water In the hydraeino-vater asootrope could be
removed in a eolum an efficient as the Todd oolumin used with
&anline as the entratiner. ?his mans that, if the enz'aioed
hydroease could be sepsrted from the entrainer end redistilled,
approximately 66 percent of the original hydeauine could be rO-
covered as anhydrous material The balance would hve" to be
recycled.

In order to rind a move offiolsnt entrainer, a literature
survey was Wae of 2p~ soipoundi that were Imamw to form aseotropme
with water. On the balst of the results of work with aniline,
bevosne, othylonodiamine, v hlorobnenene, And tolue twaenit oa

ossi:ble to accept or rejeot materials accordin to ther boiling
points and the ashotropes they fortod, Figure11 shew ssome of the
ystems studied ezperimentally S yetemn which form saddle-pint

asootropes with compositions falling near the OntraneOr addition
line would not make good entrainers. Nr*O the aqueous distillate
would ae" a considerable amount of hydrasine in it -- usually
near T O peroent ep3thylonediamine would not be useful . Thi pblem
of removing water from the ethylenediamine-water ameotrope to
permit rouse ofr the teons ondimine, would be da dmiffooult as
romoving the water from the hydrasioewotor asectrops In the first
place. A number of petroleua-distillate fractions were also
studied. In eoneral, they gave poor effiiency Seicause of the
*9CAtionof th te oornary saddlepoio t aseatrope which always formved.

* ~22 4
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On the basis or this survey, it was oonoluued that compounds
with hmicoal properties similar to aniline vere the only suitable
M rae l foro entrainere. Ir the ridge In the vapor and liquid
surfaces In tar removed tfom the entrainer addition line the
toZatioQn oft a saddlepoInt aseo&trope would not be objeotionable.
Ne substances ot this sort vere found In the search.

23eA19o2n0 st 2he PX2oes

To obtain more precise and larger-soale result than was
1o.ble in the Todd coluan, a two-inch column-was built to study

thentire process. Pigurs 6 is &An Illustration of the two-Lmoh col-
This oolumn was packed 37 inches with l/A-inch

glass RAnchi8 rings. There yore thermocouple wells
equally spaced in the packed section. Opposite
eaoh therjuotouple veil was an opening vhich could
be used either fox, the entrance of teed or as a
saMpling port. The retlux head vas designed to
split the overhead vapors into reflux and product
in the vapor phase. An oritice in the produgt
line maintained a 9 to 1 rotlux rAtio (total vapor
to diatillate) which was very nearly Ind3pndentfof
"the boil-up rate. The insulation on the oolumn was
heated vith resistance windings to reduoce the heat
losses. The still pot-was a 5--liter, )-necked flask
titted vJth a thortoocuple well and. a nitrogen inlet.

Por continuous operations, an opening In the side
of the flask provided for gravity flov out of the
pot. The feed floved to the column from a storage
tahk through a rotwameter and a heater which vas ,
made of stainless steel tubing wrapped with re-
sistanoo vire. A 10-point likoromax (Leeds and
Northrup) recorder measured and reoorded tempera-
tures throughout the system.

Some of the earlier results were oheoked with greater pro-
cision In this column. Zn a continuous operavion, three oclumns
would be required for the following stepos

1. Removal of 60 to To percent of the water as the
aniline-vater aseotrope.

2. Separation of the resulting enrJohed hydrasine
solution from the entrainer.

3. The distillation of anhydrous hydrasine frtm
the enriched hydrasine solution.

- _ _ , . , _ _W ' -:. . . _:....
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Each step In this process vas performed both batchvise and con-
tinuously In the 2-inch column. Zn batohvise experlm0te, I3tep 2
was actually a continuation of Step 1 but, in continuoug a ration,
It hod to bo carriod out separately. Three continuous die 11a-
tions were made on the first, or vater-reeoval step. The fraction
of the total water removed in these experlments was 65, T4# and
67 percent. The 74 percent ftiure "ay be momevhal high because of
difotAulty in adjusting the r te of feed at the beginning of oem
experiment. The bottoms from Step I were fed oontinuously to
Stop 2, where the overhead analysed 87.3 percent hydrauine. This
overhead was fed ontinuously to 3tep 3, whore It was dintilled to
rumove anhydrous hydrazine overhead. Over 500 grams of material
analyzing )9.9 percent hydrazino was produced In this series of
experiments. The sans column, incidentally, vas uood in all three
steps. The intermediate products weve stored and used as food for
the oubacxquent steps. All hydrasine analyses were made by thq,
method of' lodate titration described by Penneman and AudriethNtI.

Pigure 7 is a lino drawing of a pilot pseut distillation for
oa4ryins out this distillation pr.oeass. The feed to Colu•n 1
containn 20 paroont of the hydrasine-vater &toatropo and 80 peroent
Aiillno. (Possibly 70 percent aniline would give better rosults.)

All the aniline charged is rocyoled, except a small quantity lost
because of Its solubility in water, The ftirt oolumn removed
about 60 peroent of the water ohar&gd to the oalumn, as overhead
in the form of the 6niline-wator P •otrope. This 19 a conservative
estimate, sinue a larger fraction of water has been removed
experimentally, The water is separated traim the aniline In a
phase separator and discarded. The aniline is reoyoled. The
balance of the hydrazine, water and aniline Is taken off as bottoms
and charged to Column 2. This column separates the ontrainer
(aniline) from the 85 . percunt aqueous hydrasine solution. The
hydrazine solution is tnken overhead, and the aniline bottoms are
recycled to make up part of the feed to the first column. The
enriched hydrasino solution from the second column t4 fed to
Column 3, where it Is oeParated into anhydroun hydraxine as over-
head and the hydrauine-vater aiseotrope as bottoms. The bottoms,
which contain about 10 percent of the hydrasine feed to tht, fiest
column, are iccyolod.

Estimated steam costs for these three distillations were *al-
oueated to be less than one cent per pound of anhydrous hydrazine
produced. Those calculations were based on a steam cost of 60
cents per 1000 pounds of steam, a reflux ratio of 5 to 1 in all
columns, and 60 percent water removal In the first column. 1siing
the columns and determination of the optimum reflux ratio sand
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number ot plates for a oomercial Installation is beyond the sopa
of this paper. It requit'n detailed knowledge of the vapor-liquid
equilibria in the ternary system hydrazine -wter-anilIne, for one
thing. This v have. determined, and it Is the subject oa auother
paper nov In preparation.

A patent has been applied for on this •e•thod of dehydrating
hy~daain .uolutiona to produce anhydrous hydrasine .

T.him• research was sponvortd by th3e Hathisson Chemital IOorpora-tic& at; Battelle HMoorialInstitute, The authorvsish to thank

then for their pormission to present the results at this mesting,
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IrDRAIn PROM TE SOLVOLYBIS OP SITMICARBAZIDS

by

gorge V. Watt &M Joseph D. Obrip •
Depsi'tmeont of Oh titry, The Univewlitj of Texas

Proeent by Mr. 'oseph D. 0hz ep

The tormation of* h7draine In substantially quantitative
giold byt7 ac•id h~drallsis of somicarbeside has boon reported
by7 Barley• and the hydrol toe In basti media has been suggested
as a possible basin for th b 4 mvuhitaentioa, p IaItical procees
f~or ;tho productloq of hydrazie a . The r amtion of hydrazine
s*ulf by the hirol. esis u esmicarbasde with dilute sulfurioaeld 11.•Q1oved by 4mmonollsie of the rehUltaM slt wit •th liquid

Amonja• farppearu to o oubutantiAlly anhydrounhy~drasino thato vol Vof• Of urther study,

The production of hydrazine by a closed *Iole prooces based
upon the ammonollelQt seiobaside. by megns of liquid ammonia
has been ooncideroedf 5  as a posuibly praotal. method but there
to uo evidence that the reactions in queetion have been studied
at all thoroughl7, in thin case, the separation of the hydraslie
would be followed by reoyoling th' urea to the vall known step*
required to produce lOmioarbazide

The kinetics of the reactiolns Involved.in both the hydroll-
min and ammonolysin of somicarbamide are currently under Mn eet1-
ption in our laboratories. The present paper includes only an
aooount of preliminary studienj work on the problem as a whole
is far from complete.

Pyrolysis of em ami de. 8inns somo of the temperatures
.anticiptoo foresoy in the study of the solvolysia of oemloar-
bauide (m.p., 968) Voe consideirably above the melting point of
this start ing taterlal, it seemed vorthwhile at the outset to
determine whether hydrasine results from the pyr••ysis of smi-
carbasIde ot its hydrochloride under anhydrous oonditions.
Wocordinly, dri symioarbauide hydrochloride was heated in a
Moaled tube at 05W tor 13 hrn.e hydrasine wan not produced.
The n ame results were obtained when mixtures eompriqing oneg
alo eo soumioarbaside and two moles of ammonium ohlg 0d Vero
treated similarly. (It ham been observed elsevhee•r that•
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hydrazine does not resqlt tfoh the thermal deoompoeltion of
memicarbaside hTdrochloride a• 260 When dry eomlcarbaside
van heated for 13 hewe at 105o 3-y percent yield ouf hidr neh

Storesmutted a
itrl ladpi o 2mioarbax de. Unleam otherviso Indicated,

theserea tions wore TarIMe8 byd ro. f luxins 1. o oal

carzide h raoohlorlden ae Inaknow volute of either 3 or 611sulfuric aod f'or tho Welux timev shown In Table to There-
i! ~ afLar the reaction m1Xt~res woeo cooled, h~drasinie vas separaltod

or, etnallizhtLon as the sulfate, aod this was vaphad with.
ett~nol, dried at 140, a nd wotghod6,)Yields were determined
both by a speotrophotowatria method• far~ total hydrasine formed

,.( and in tsrm3ofu the weight of hydraxine slfate to iolatedi the'
!'I two metheds gave resl~ts that wroe In good aar'eement..

Volume and Molarlty of §ulfur'io Acod ioedRet 4M_ "_b_

[bL..15- ml, 30 ml, 15a 30 ml,
0.25 49i

.5 27 3.0 70 91

.75 98

1.0 49 54 99

4.0 93 99

Rvessel was oooled in ioe water at and of retT
time.

Ammonolyss of 8emlorbaside. The experimental methods
employe itd in thi oa vewe esaentially the name an those that
have been denosibed in oonfqftio- Vith the study of the int.e-
action of uroa and amonia•& . All ammonolyoi• reactions were
oiarled out under strlctly anhylroue conditione. in a tyP 101
case 1.• g. of semloarbanide hydroohloride and sufianlent
liquid ammoniA (ca. I mole) to give a total solution volume or
2$ ml. at -70 vwir placed in a glama tube which van mubnequantly
nealed .and heated in an autoolave At a known temperature for a
predetermined period of time# At the end of the run, the &mmaonia
was evaporated, the wegidual products were dissolved in water,aud hydraasIn vwa determined peootrophotome•riaally,
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itExploratory exp~erjuqntn on the effect or t~m and tempera-
t~ure upon th'e yield of hydra.Ane 0hoved that hydriazine In o
torMOA after 10 hi's. 4t 25 -300, a 15 pireont 7¶014 rdaglts after
13 lira at 750~ 3 .ocnt after 13 hr.. at 900. 43 1,ýrcent, arter

13trat15,rnd 44 porcent after 24 bra. at the mazi tompera-
ture, Using the free base rather than the hyd2roohlorfi-.s as.t~he
dtartizig material, hs.nting for' 13 hra, at 10W Save a 37 per1cent
71014 or hydrazi-na. Data relating to hydrasine yielA an a
func~tion of time, tomparatura. and ammonium chloride cono~entra-
tion are given in Trablo2 atoet~aoiahjoie wa.

sotude orziod udo the rso ulitiongat arnegien i Tyd able~ 3.du

The preljlminary oxparltnt~nts on the thermal deomposition
of somicAz'bavilde hy d'ochlorido at 1050 nhov that hydrz~aIno is
In tne aubeoquont oxporimntont muot bo aLtrt.butablc to solv~olyasiu
rather than slimple thermal decomposition.

Optimum conditions for t~he quantitative hydrolyrnia or
scinioarbazid: to hydrasiuo, amzonia aad carbon dioxide T;oeafr
to Involvo rel'luxing for one haur with 6 suilfuric acid (
MI./g. Or 01160N- 301). This reaction yielga pure hydraxine sulfatei.
Although dtohtho ammonolyuiu of this product to yield
hydi'azine and &=wonium raulfato are not 2ufficiontly extensivefo
Inclusion here, tho work that has been dono thus far Widcates
thti hie racdo will probably provide a nearly quantitative

Thewor onthe amnmonaljils of .emioarbazide hydrochloride
toobviously inoowplatej further experiments are in progress*.

It ppersho~tv ci', that at 1050 there reailts either an oquili-
bimthe prortuotm or which are hydraiziea, urea, and unchanged

seticigrbaside, or the forwation of hydr'aizine together with another
product that in not subuoquentll convertibifi to liydrazina, oither
in the preseonce or absence of Smmonium Dalps. The data of Tables
2 and 3 show that the reactiob to influenced little, if indeed
at all, by ths prenonme of appreciable conoenti'at.lons of ammonium
salts or sodium chloride.
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TAB:Xs 2

Efreot ot Time, Temperature, and Ammonium chlorL4e
Conoentration urpon the Yield of' Hydraxino from the

AmmoJotysis ot $veiaarbasi2e vith Liqutd Ammonia at 105 0o

(hi's.) smole. CH6013C I . (porcent

335"3

8.5 iI

13 4.1.24
1. 1,7

Itioludes I mole of NHCI arlsing from use oa femio•r4saie t '
the hydroohloride.

Efeoot or Added Salts up•n the )J.ald or
drazine from the AmwonoLysia orVsetrilaraldf.
vith Liquid Ani~ohin for 13 hru. mý 10500.

A d d ed ... t "Ba it"

Formula l6O03 1 (, ,.

3 48-

S53

.5 4

NB1.103  2 4-3

(rn. )s~5 52
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THE PHOTOLYSBI OF AMMONIA AT 184&9 A IN A pW~( SySTRMO

by

0. 0. MoDonald A. Kahn and R. I. Gunning
Depar•mont of Chemistry

Illinois in•titute of Teoarology.
Present,*d by H. X. Ounninn

An investigation has been madv of the photolymu. of ammonia
at 1849 A in a flow system at room temperature. The products
of the reaotion were found to be hydrarine, hydrogen and nitrogen*
The rate of decomposition of ammonia was. ndependent of the
linear flow rate, but depended upon tho amvon=a p£9Ureu in the
reaotion s•v:e. The fraotion of ammonia deoompoew whioh war
rouovered as hydrasine, •hile independent of ammonia pressure,
Increased ma~rkvly vith in•reeing 'linear flow rate from zero
in the statlo system to 0.84 at a linear flow rate of 1750 om/ec.,

It vwan foond that the quantum 7ield of ammovia Oonsumption
under flow oonditiona v•, cousiluteritly higher by a faotor of
approximately two than for tha ntatio conditions at the mame
pressures.

A separate system wa. uned to determine the extinotion
ocefficient of ammonia at 1849 X over tbe preseu94e rsnge olf .
th 1 e xpearments, The vaeue obtained vas 12.LxlO liters-moleo

A meohanism has been proposed which to in qualitative spee-
munt with the observed facts.

The photolsiw, of aLmmnia has boon extensively Investigated
in static eystems, urder yhifh conditions the final pProducts
are nitr'ogeu and hydrogent. It is generally agreed that the
primary proores involves the formation of an amino ra4ical and
a hydrogen asom. The subsequent elementary reaotione leading to
the formation of stable produot.s are apparently partially

Thle ork wasn upported bry Contracts NT-otr-32908 117-onr-329

Task Order 3, and IIT-onr-329 12, with the Office of Naval Rosearoh,
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hetoroagenau.t'.; 'zt, despite many exoellent NtUdles Made on
t he static 1,, • sm a definitive reaction mechanism Joe. notbeen eatabTl ..

Difrteronoesa In the final Rroducte under flow conditions
ver* found by Oedye and Ridesa l The obtained Identif$.able
quantities of hydraxine es.a third product in the flow system.
Other inveetigators have also reported small or trace quantities
of a reducjn: substanoo, presumable hydrasine, for the flow
photolyuies.'.

The present Investigation was undertaken In the hope that
some additional insight could be obtained into the moehanism
of the reaction by a systematic study under flow oonditiong.
The uhorter wavelon•th resonanee line of mroour ,& 1849 X,
vas ohooen for the photolypis uinoe it falls vilhin the regiom
of maximum absorption for amuonia'. I view or t,.e tast that
no previlous photoohemical studios have been made on ammonia at
thin vavelength, it vae neaemsar7 to meusure the extinction
Sooetliotent of ammouia at 1849 A. in addition, data on the
static reaotion for comparison purposea, have bean obtained,
The detail. of the investigatlon tof.low.

A raeatul for sea.uring the Extinotion Corff to Ant of Ammonia

For theme weasurenents an Independent meroury-free high-
vacuum system vas used. The light source was a Hanovia "Bloater-
itron" m',roul'y-in -quarts resonance discharge, operated by a
Sol~a'neoin sign transformer with a 3000 vo).o, 30 Mt. secondar7,
coupled with a Bole constant voltage trLnsformer. Two absorption
celil were used, a Panovia BLosteritron cell, vith path length
of 0,02 # 0.)03 OmN, e.nd in AmIno0 prociaion quarts absorption
cell., ot-le 10, class 31 vwth a path length of 1.0002 t 0.0005 am,
A Westinghouse WVrt9 pittinum cathode phgtotube, whio shove
no olponve above 2106 A, Vas used to measure the intensity at
18149 A. The minute ourrents from the phototube Vero conveniently
measurad with a Beckman Ultrohaeter. Satisfactory olalimation
was obtained by Interposing mets of apertures between the lamp
and sello and betveen the cell and phototube. The lamp-oell-
phototube ausembly was rIgidly mounted Mithin a brass boxI
bl~okened on the inside vith oddaooat. During the measurements
nitro en as paassed through tbe box to eliminate absorption of
the 1849 A radiation by oxygen in the optical path.

The absorption cell was connected to the m taniold of the
high-vaouum system. High vacua were achieved with a three-stage,
all-glass, oll diffusion pump, backed by a Velch two-stagge
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* mechanical pump. Pressure measurements were made with an Alpha-
tron radlo.-onlzation jage ror the low pressure region, and a

*mer'cury manometer,# with the merour In each limb Coveted by a
1O em. layer of &ctoll manometer 0Ruld, for the high-pressure
region.

T he ih u~grea fr the Photolysern

A meroury-in-quartu rare gas resonance tamp VAs designed
for usc as an interril source, eliminating thereby any air path
botveen the light source and the rea4tion ceall. The lamp itshown In )figure 1. Tt consisted essentially or a 0-tube fabri-
sated of 10 mm. X.D; Hanovia, 5.t, grade optical quartz, with
I mm. walls. Tho electrode arms were rin g-ealed into the tubing
attached to a male quartx 45/50 standard taper joint. One or the
aenotrode arms was provided with a 5 mm. I.D. side arm for filling
tho lamp. The large male joint was fitted Into a 1yrox reaction
tub. by means of a female, 45./50, Pyrox standard tapor joint.
Tfha lamp, as finally used; contained a drop of meroury and 4 mm.
of argon.

The disoharge vas maintained by a General Slectrio luminous
tube tranoformer with d 5000 volt, 120 Na secondary. The primary.
input to the transformer was stabilized by interposing a SoUa
coenetant voltago tranuformer between the line and the transformer
primary. The lamp Intensity could be changed by varying the
primary voltage with a Varlao transformer..

The I-amp Is essentially dichrolatia, emitj. o tworesonance lines of merogry at 184 9A and 2537 S. Since ammonia
to transparent at 2537 A, the discharge on be regarded am a
monoolcmatic source at 1849 X, with respect to ammonia. During
opration the lamp temperature did not exceed 4000. The design
oth lamp as an internal sotroe was dictated by the fact that
1849 A radiation is strongly absorbed by oxygen and furthermoreo
to atri'onglt absorbed by quarts., t was therefore neocessar to
eliminate the air path, and keep the thickness of quarts traversed
by the radiation at a minimum to obtain photoohemieally useful
intensities. Such an arrangement lacks the flexibility of the
extornal collimated sourcel for.example the zinc and cadmium
Lparn souroes iv the ^IOU-2200 A region used, among others by

i of in his Impo,-tant series of studies on the static photolyaisof ammonia.

The ammonia used throughout the investigation was the
highest purity obtainable from the Matheson Company, East Ruther-
for# N. 0. It had a minimum purity of 99.5% and gave no test for
the proesene of trace quantities of hydrasine or other reducing
materials.
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Elow Ayxroerimsrits at Atmosphertu PreOsuro

The apparatus tog these runs was briefly desaribed In an
earlier ooromupctt onw. These preliminary runs were designed
to asoortain whether the lamp would produce sufficient quantities
or h7drasine Cbr chemical churacterization, and for accurate
analytical determination. T2o amoniaj at atmoapherio pesosuire
and at a measured flow rate yam atow eL to traverse the irradiated
xono of the limP-Ocll assembly, whereupon it condensed together
vith any hydrazine formed on &A avge cold rinser Containing dry
Ite-e a on aslush at -780. ?The r1quLd anrmonia-hydrasLne mixture
dripped from the cold finger into a removable ooceteor below
through a drip tube. Sufficiont liquid ammonia Was oondeosdO
it the collector before the 1amp wae turned on to cover the
exit of the drip tubq. Excols ammonia am was vented Into, a
fume hood at ovoh a rate that the liquid levoel in the collector
remained constant during an experiment. The flow rate'of Aaiaonia
vos meoasured by a oapil7.ary manometric flow meter.

In one aeriom of experiments a tray containing hydrazino

of determined purity was conneateA to the apparatus described
above so that the h d azine vas injected into the flow stroam
at a point before the irradiation tono. This trap was maintained
at 000. by an ioe-water bath. Doth Ammonia and nitrogen were
aied an cArrier gases to oveep the hydrasine through the system
so that its photolytic decomposition *ould be studied. The amount
of.hydra:tno passed throu&h the clatom w•m determined by the change
in the weight of the trap containing h1drazino. Th4 amount of.
hydraxine swept over wam suffiniontly lar$e so that the quantity
of hydrasine produced by the pwotalypis or the ammonia carrier sAm
Was negligible. Whan ammonia was used as the carrier gam the
efflue4t Samoa passed through liquid ammonias but when nitrogen
was. used as the oairrier gas the gpsos passed through a dilute
solution of hydrochloric acid.

The hydrauine in the colleotor flask was analysed by titra-

tion as desoribed in the following ecotion.
Elov U•perlmentA .in the glosed 51etSa

'Mis part of the investigation was designed to study varia-

tions in the rates of formation of hydrasine, hydrogen and
nitrogen as a function of reaution pressuro nand linear flow rate
In the photolysis of ammonia. A large number of modifloatione
of the original system were made during the course of the Investi-
ation to improve the precision of the analyses of the products

and to obtain better control of the flow variables, The final
modification of the apparatus, and that which was used for the
man body of results to be reported here, is shown ti Figure 2.
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The eyetta was evacuated b) a two-stag.e meroury diffusion
pumps backed by a Weaoh Duoleel mechanical pump. Tripe Tl and T2
verb kept lmersed in liquid nitrogen whenever stopcoki A, leading
to the photolyela slatom, was opened. Previos wvork had shown
thea undoe thbou conditions no merour7 photosenmsitis• on oaeots
1 the reaction systems

The lamp was operated at a eurent of 90 IH, using a Varias
transaformer to -control the curren:t. The pressure mosaurements
were made vith an Aiphatron wadio-ionieation gage, and an Outoil-
meroury manometer as In the abdorption measurements. The spreeure
measuring dovices were connected to theoslstem via stopoooc D.

Variations in linear flow rates were achieved by atering
the diameter of the orifice Immediately beloew the lamp-cell aster-
bly.

The mass flow of ammonia throueh the system w&e %lead from a
calibrated Hoke flow meter aovering the range from 5 to 35 ou.ft./
hr. for ammonia. The I.nlet noodle valve was used to varT the mass

* flow rote.

Before maklng an oxperiment the syetem Ness evacuated and the
oondenser flask wao surounded vith liquid r,•togenn The 67stem
wei flushed out with ammonia to saturate the walls and Valn eva-
uated again. The lamn was thon turned on and warmed up to con-
etant intensity. laolation of the photolysis system was achieved
by closing stopoook A. An electric timer vwa tarted simultaneously
with the flow of ammonia through the reactor viA the flow moeer.
The liquid nitrogen was maintained at a fixed level about the
oondenser flask in which the ammonia was condensed. At the end
of the run thei timer and lamp were shut off. Ammonia was allowed
to low for several more minutes while the vwlls of the reaction
ayeem vere gently heated to drive off adsorbed hdraasine.

After the anwonia flow had been stoppwvd the oon4densbles
were froesen down for an additional hour. Whe non-oondensablee
were traoeferred to a calibrated volume by the Toepler pump and
their pressure in this calibrated volume was measurod. .drogen
was removed by combustion over euprio oxide, deposited on glass
wool. The resulting water vapor was frosen out in a trap surround-
ed by liquid nitrogen. The pressure of the residual pgs was
measured in the calibrated volume and was assumed to be nitrogen,
Repeated blank rune showed that no detectable quantities of &on-
oondoneables were present in the original ammonia. .-

For the hydraslns analysis, the condenser was removed and,'
the amMonia allowed to evaporate until only a few fl. remained.
It was found that up to 10% or the hydraslne could be carried oft
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with the volatiIlsing ammonia. Teots showod that the lose of [
hydras&ne could ,bt provontol simply ty alLowing the ertfliue
vapor to b~ib016 WIPrnt,19 a trap oontRininlg distilled water. The
reildiv.- in the qoson.einer and tho contents of the vater trap were
co0binod, diluted with votor and aeldifled with eonoen rated
hydrochlorli sold. This solution was made up to a cnoun volume
and allquots were titrated with O.61N potassium iodate following
the method hr Penneman aMd Audrieth * Anal .see wads with oyn-
thetio solutio'ns ot hydrasine at conodebratlons similar to those
obtained in the photolyses showed that the error in the titrationu
did not eoxo~e4 w%.

! S ta_ ic 7 F cx or 1'men te .

To compnra relataiv quantum yields under static and dynamic
Condit•l•n a soriui of run& van done in the above apparatus under
statil Consitions.

A iample of ammonia vas nubjected to two trap-to-trap dli-
tillatlons, a middle ria'.•bnn being saved in each ease. The
deairel pressuro of ammonia was Admitted to the system from a
otorage reservoir and the photolysis mwan carried out on the static
sample with the condenser at room temperiture, At the end of a
runfl the non-oondenscable and aoodendabl1e products .were analyse.q
in the tame mannor as in the flow runs. It should be noted that
the retults obtained with the ammonia, which lad boon subjected
to two trap-to.trAp dietillations, were identinal, within
experizontal oza'or, to those found for the ammonia taken directly

erom the tank.

A ,tutin photollsis was also dono on hydraulne to determine
whethsr it vwas doompoaed by 253T A radiation. A sample of
Nathos•c,'u anh7drous hydrasinse was thoerouhly degasmod and the
hydramsit vapor, at 14l m. preesures was admitted to an evacuated
quarts tube attaohed to a mercury-free vacuum system. The tubs
was olond off from the liquid hydrauine and van expused to the
radlatl" from fa meroiiry remo lanoe lamp fashioned Of Vioor 7210o
The Vicr glass removes L819 A radiation but transmits 953? A
radiatoen. At the end of the oxperiment, a side arm from the
tube was immersed 1n dry ioo and acetone for 30 minutes. The non-
condensable proluota wore transfervod by Toopter pump to a call-
brated totlume and meaeute. These gases were then passed through
a trap at liquid nitrogen temperature to remove ammooia and there lidual nor-oondenslablo ga~s was. analysed for• ni~trogen and hydro-

"gen as In the ammonia photolysis eperLments.
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Lthe 2inot 1on. CoeffuIV 1!t of Armon it, Mt 180§
The extination coeftfiientbg, is defined by thmaelation

) z~~~t =. e1o"°.

Wheare i a:Ond are the intwnhitole of the 1849 4 radilationInoident on transmitted through the quartz absorption call
containing ammonia. The optqoal path length throuih the amionia
at a conejntration of 0 woles/liter 4 cm. a

Zn Pilgue 3, tite results'a' absorption meauuwmonts using
tho Ami~neo cell with d 9 1.0002 am. are shovn) an a plot or
18Tt hve. a. The left hand ordinate figures and the lover'

absoas& figur,,s represent the roviýo's for the 1.00. am. o.el.
The concenatrotion Annge oorrospondsto ammonia pressures from
I tO 40 uam. Within experlmenbal error the poiat tfall on a
straight line the ilope of which givos a va.ue or & of L,21xlo3
.ite mr -moele aemi .

The abmorption of airmonla in tihe range from 40 to 200 mm.was measured vith the Banovia quarts ooll which had a d value
of 0,02 t 0.003 am. The vAlues of I oalculated therefrom agree
vithin experimental error with the value reported for the 1.000
am. cell. Bezr's taw is therefore obeyed at least over the range
from I to 200 mm. proenure of ammonia.

Nrom the value, 1.2.xl03 liters-molne"u cm"1 for the
oxtinotion coefficient, and the geomotr7' of the rjactor, ibwas estimated that a minimum' immonia pre auzreof 5-10 rm, wasrequired •o• complete absorption of 9- 49 1 radiation.

Preliminary exporiment•, on the absorption of 1869
radiation by h drastne indicate that the extinction ooeffloientin nbout siz mooe am large as'the oorroepmr4ing ammonia value.

Plotev pewiments at Atmophero rlProsou e

The results obtained in these expermeonta are summarized
in Toble t.

'The hydrasine formed in the reaction tax aharaoterined bypreparing the derivative vith .bensaldthyde. The bensalasine
obtained had a melting polut of 91-9290. in asaement vith re-,. i.ported values for the melting point of this compound. Furthermore,
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mixed molting point determinations, made by admixing a pure sample
of benalaslnes, shoved no depression of the molting point.

These experiments sh•ove that thi system was capable of
produlng hydrnsine In sufficient quantities fo'r acourate &nalysis.
. ha rates of hydrasine formation are In agreement vith those in
"the (olosed sysemos If the pressure and lneir flow rates ueed ore
oons dsre.d The linear flow rate in these experiment* vas about• 7 om/eq

"ProduO•Iion of i•ydrazine In the PhotolTsLs of Ammonia at
1849 A In an Open Flow System at Atmospheric Pressure.

3laa FpOw loate Lamp Current Rate Of Hlydrazine iormationmoleo/hr, Me_ iol es/hr.xl0

7 7 so 0.327.74 300
13.A 115 035

Flow Photolyn-is of &das

. The resuttt of the experiments In which hydrasine was swept
throLigh the i-radiAtied. sons by & carrier San are recorded in Table 2.

Tho amount of hydranine passing the lamp per unit time was
about 100 times greater In these experiments than the amount pro-
duced in unit time in the ammonia photolyuie. It should be
emphasized that the hydraxsine may be 4ooomposed bv the 2537 1 radiation
from the linp as well as by the I49 A radiation. When the roins
were repeated with the lamp off, no hydrazine was decomposed.
The accuraoy of the measurement of tho hydrasine decomposed in
(istimated to b0 o 5i.

These runs, while of a qualitative nature, show that hydra-
sine te extensively decomposed on flowing through the irradiated

. *. I., -. '
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The Fhotol3,'i5s of Hydvdrane iD the Pre~nce of a Carrier
Gas at AtmosphaeWle Pressure

Kass Plow Rate fltdrasIne Hyfira13 in,
of Carrier' CAs Carrier FIPw Rate Deom0poed"

, e r._!r •X Lo, ..

13.4 . o20

.13.14 "•.6 27

The Flow Ph -tollsi. of AMMMA tohee Mated 3Xtm

The me..• fl-w rate of ammonia ilas converted to volume flow at
the temperature and pressure of the re••tion sono. This quantity
divided by the oross-Lootional area of the i.rradiated zone gave
tho linear rlow rate or the auonla.

In the rauppi of, wass flow raten, and ammonia pressures used
the linear flow rat.o depends essentially on *he resistano to flow
of tho tu.bing betwoen the lamp and the ammonia condenser. Thusp
the linear flow z*Fte Qou'Ld bw varied by changing the diameter of an
ori0ice in thile tu•big. With a given .ýrifAne rist, the pressure
rise in tha reaction zone on inoreasing 5he mass flow rate was just.
thvit recluired for the linear Piow rate to'remain constant. Flua-
tuation r'.i the oaloul -ied ?Ainear !low rate for one orifioe size
ait Varioui wane flow rates 1v the reaults my therefore be
att.trbuted to error in the readings of tho mass flow rates and
reaotion pressures.

The linvar flow rE,.tes wer" varied from 7.05 to 11,150 am/se.
The contact time for the gas in the irradiated zone obtained
by dividlig the length of thc Irradiated sone (26 om.) by the
linear flow rate varied from 3.69 to 2.33x10a3 see.

In the aoalysia of the )rodwots, t•e amounts of the total
non-ocridensable gas, the nil oogen and the hydrasine produced
per unit time were measured. Two quantities of interest can be
caloulated from these data using the stoiohlometria equations

2?113 -.+ % +3 Ng

P ' -413 4 N23 4 + 1
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1. TAO apparent anoint of ammonia decompamed Is
• givon b7 twice the -um of the hjd-.mtne and

nitro, en produd.

2. The traction of the a&on% decompomed which
Is recovered as lhirasino 16given by the ratio,
of the hydrssi•o to the aum or the hydVrasie
and itroseon.

Since the total non-condentable nas minus the nitrogen gives '
"theauaatit7 or hidrooen produced, the amount of hydrauine pro-
duod can be ~calculated from the Saeanalyais only since from
the stoichiometry

..2H 7) (N2•4 •) -JL

It w'; found that more accurate valuom vrn the amount of hydra-
fin'e t.roduced were obtained by calculation from the gas analysis
iu the above Annner than by roaovery and titration of the h1dra-
gine.. Bth pro dui,49s vero followved in eaoh ron, but the value
for tlhe 6'1ýrauiae used in oaloulating the amminlnia' #ecoipomed
and the ýer.o'entage of the decomposed ammonia recovered as hydra-
zine vas the value oalu~ltted from the gan analysis. The error
in the recovery.and titration of the hydrazine was shown to
arise large*17 from lose of hydrazino 'in tle evaporation of the
liquid ammonia. Whmn the ammonia was bubbled through water
in the lator runs, and this water was added to the revidual
hydrazine, the meavured and calculated amounte of hydrazine
agzreed within about 5%.

A summary of the results of the flow photolynis of ammonia
in the olosed system is given in Table 3# The runs ar: garouped
aooording to the orifice size (i4e., with the same linear flow
rate). Within the groups, the masm flay rate and hence thereaction preesure was varied over the range permitted by the
apparatus.

It is evident that the percenta e of the aeoomposed
ammonia which is recovered as hydras ne (% blyarazine) iS semen-
tially indcpendent of the reaot~on pressure at any given
linear flow rate out inoreases with the linear flow rate. The
percentage conversion to hydrast.ne and linear fov rate values
wore averaged in each group. Pigure 4 io a plot of percentage
conversion to hydrazine vs. log (linear flow rate) based on
these averaged results. A relationship, which Is approximatelylinear, is obeyed up to a linear flow rate of about 1750 em/eso.,at which value the conversion is about 04%. Runs 31 and 32
Were arried out at considerably higher lluear flow rates but'
the ounversion did not iuorease. To achieve theme high linear

'48I I
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rl" ra tv a es# thoen runs had to be carried out At sudh LOWy r e Otion ....S' pressures that there Val Inoomplet: as orption oft his8• ''t -,.
i:radiation. Bull &ots of 0non n*scanablei 8&6 Vaer thierefre." I

obtained and the error to analyll .vai larger than to the other
P11uli, Th.It to not clear whether the % hydrazinew vould intores• '
to , 0%with high linear flov rates or whether Itde in fact
level off at about 8J%*

'The amount of ammonia decompomed in each run vas plotted
Against reaction preasurse in Ftgure 5., The points fall on a'
smooth curve, iridepondent of the linear flow rate of the run.
Thts the relative quantum yield for ammonia deaololOition Is

ndeVdnt linear flov rate and has a conetan.1 value at
aboo txtO1" motte/hr. fro: 100mm. to •60 mm. pressure of
ammonia .tz the peaction sone (Run 30 at 560 mn. precaure is not
sh,-vn in Pig. * At lovev' pressures, the relative quantum 7iold
1.juv1a rAridli to a value almost twice that at 100 mm. Below
about l0 min. pressuro there La InCoMp0toe absorption of the
1849 A radiation and therefore the ratio fall. off..

For the runsreported in Table 3 the surface-to-volume
ratio in the sone betwien the lamp and the orifice was 0.95 O0"4.
T'vo xperitmonts were mado vith this zone packed vith Pyrox rods,
theist7 z ixjor'asing the murface-to-volume ratio to 8.65 om" . The
r•esults for thoso rune are given in Table 4 together with tho
comparAble data for the unpaolced iytem..

While theme experiments, in whioh the suuraoe-to-vol.ume
ratio via ohanped, were not extensive, the reoults indicate
that nea.ther the amount of ameonia decomposed nor the percentage
uonversion to hydraxine wasn greatly affected by paoking the
volume immediately following the radiation sone.,

51
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_ The summar of the analyses of the 0o0-oo04doWe:~ prqoductsofa I sies of stable photo l Ose: of ammonia toI IVOD I Tabsl

T+he condenale orbo vodue gave no t1est for hyPdrallass

Tie Statia Photalyesi of Ammonia at 1849

ATootal 0 •Ammonia Decomposed
Pressure Po• hr. In ••h.-

to 6,14 o 10

38 1,.o ..

1 0 10052l ""2

2R 17 -- 5.70

The relative quantum yield for ammonia deoomosoltion in
plotted as a furoti on of prIomcrl In X'egur • . T O ame pressare
variation as In the fls,'j rvna was obsvirws:4, 'M 4- 'parablel
pressures the relative quantum yield in the itatio system is
about half the value obtained in the flow system,

The fact that the nitrogen is almost exactly 25% of' the
total non-oondensAble produot Indioates the abesnce oat hydrwain
and shown that the gas analysis In reliable.

* ~The products of the gtatio photolysts of' hydraxine at 14 m,.
pressure b7 2537 1 radiation Vero in exact agreement with the
following equation.

2 2N4 -4 2 H% + 2+

in a similar experiment with no radiationA no h••rna val was•+ oosoomposed. The ligth ntensoIt• at 2"537AX was 44tO "lnoteins/
•p ~min. and U10"I males of hydr~azine wereo decomposed pow- minute,

If the quantum yield of the hydrauine deoomposition was about 2,
as found by Venngr and Book~n• the rate of radiation absopp-
tion was 2.SxlO, elnoteolnrmin. From .the ocli geomoery, the
percentage absorption of the 2537 A radiation and the h3yratine
pressure the extinction ooetffilent pf hydw•axne at 2.537- vias
estimated to be 5 liters-mole-L on.-e,1

4• ,.
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An7 disoussion of the meohanism Qf the seoondary reaotions
in the photolyseo of ammonia at 1849 A must be In oonsonanoe with
the following faotas

(1) The rate of ammonia deoomposition in the flow system
it independent of. ineal' flow rte.

(2) From 560 . to L00 m,. pressure the rate of ammonia

V)decomposition is oonstamt At lovwe pressueus the! rate rises to a value which to almost %vices the rate

at TOO mm. pressure. Below 10 mm. pressure the rate
.of deoompositlo deorenueo asiI beoause ot inoon-
plote absorption of the M419 A radlation.

(3) The peroentage oonve~rion of the ammonia to hydramine
is independent of the reaction pressure but Inorsases
almovt linearl.y with the lor.arithm of the linear flow
rate. This oonversion inocreaes from zesro in the
:t tic system to 84% at a 1ie.r flow rate oa 1750
cm/sea, but nay not Inorease further &t greater flow
rates#

(4) The rate of aznrnonia decomposition in the flov eysts.

is about twice that in the static system at the same
Sressure. This relautionship holds over the whole of
he pressure rangs investigated.

(5) A tenfold Inoreas in the surfaoe-to-volume ratio in
the zone Immediately following the irradiated sone
has very little effeot on the rate of ammobia deoonpo-
sition or on the conversion to hydrasins.

(6) The extinotion ooefftletnj for ammonia at 1849
is 1.1xl.05 liters-mole," on"• between I m.m and

00 mm.ipressuupe %toe exatnction coefficient of
bydraz' 0ne at 189X A smix times that for
am:onI anda.:t 2537 A has a value of abe'ut 5 literas-
molees- on"-

(7) When hydrasine was passed through the flow system
at a pressure some one hundred time@ greater than
the partial pressure of hydrasine in the ammonia
h otoll•'te experiments, tventT-five percent of
his hydratine was deocomposed by pho;olyusi.

(8) The statls photolysie of hydrasans at 2537 1 obeyed
.1' 55
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tra equation

(9) If the statio quaantum yield for Ammonia deaOMPOOitIou
at 100,m.., toabout 0.2 9 proposed by W118sand
'Others',then t~he quantum yield in tho flow system

approaches unity at low proseures.
Thew Inetgaino thu flowv photolymis or ammonia hassoethat hydrazino and hydrogesi can be the major products of

the reactions The percentage of the decomposed ammonia that Is
recovered as hyd-'ax mu depends only on tho linter flow rate of
the £kimonia through the system. An inoroam. in the linear flow
rate dilutea the radical I and Producto or the reaction with
aar4Quis, and also cauues them to spend a ahorter timo lit the
Irradiatad zone. Dilutlon 0of the radicair and hydrauine would
dearus~e the dloompoaltIon of hydrazine by radical attackc If the
radi~oa also disappear on collis ion with the wall. A decrease
in tho hydrAzine par'tial Jaresuuire and a shortui' contact time

±nteiznitdzn olo lad to lama photolysin of the
hydrauins by the 18119 A and 253'f I radiation. it seems probable
therefore, that the ralatively largo amounti of nitrogen obtains&
at low lineait flow rates ariae from the decompo ition of hydra-
mine either b) photolyuis or by radloal. attaock B oma nitrogen
may also aria by an independont reaction path sinae the minimu.m
conversion of aranontla to nitrogen was IS$,

The overAlt qua~ntum yield of animonia, decomposition apper
to Approach unity at lay pressure.In the4 floway mytem. it i
probable, therof oro, that the primary quantum yi eld for the
phot.o1.yeia of ammonia into bydrogorn atoma and amino radicals

Isunity. The lover eiparimentAl qtianbunm yields then arise
from amimonia reforaming aotp$. These steps arc pro sure dependent
but are independent, or t~he Linear flow rate. ainoe the oonvei-
glan to byrdrazino doas depend on t~he linear' floy rate the
decompoelt ion of hydrz'ains in the flow system doog noN produce
ammonia. The hypothesis that the hydrsaitins produaed to partially
deoomposed In the flov system by photolysis was examined. Tt
vaa o own thAt, vhen relatively large amounts of hyuirazine were
pc~roent of the hydranine was doooiuposed. Moreover', 2337 A
radiation decomiposed hydramine to produco ammonia, hydrogen and
nit rogen.,

Fivst the poaiiibil~ity or hydrasins photulyale by the 184g1
rdainvninveatigated. Th 0upinwsMade that the
resureInthe tatlo:~omy represented a qua..)tu yield of09, h 18i49 radia in Intensity Incident on the flowing

- ~ * .~-. -



"* - tas was therefore 6.oxlO" 7 Einstolng/Seo. xext, it vasn necessar
to calculate the maximum poistble partial prosoure of hydrasine
In the flow stream at various 11near flov ratos. It Vas assumed that
the initial step was

with & qUSUtum 70eld of one and that I Li the amino radicals re-
conbined to lve hydr ,as. he T axiaaum ratis of production of
hbydWasin ya5, t•e•'efore, 3.tO X tmotes/too. From the vol ume rlow
rate of the mmonia through the reaction %one, it is possilble to
ca~lculat:e the vole to which this arount of hydrasine i'a .
distributed, assuming a unitorm distribution, an" henoe the
partial pressure of the b dr sine in the flow stream. This partial

rpe.sura v ied from 4.820o" mm, at a linear flow rate of 7 cm/a*,
a 2.5o1Sxl mm. at a flow rate of 10,O0o omoo,e

It the Ammonia And hy•rastne are in ocmpetition for the 184 9
radiation, the ubsorption equation Is given by the folovwiug *qu&.,
tics

it= i ,T 1 '1 1

I represents amDoni&
2 reprasento hydrasine

The fraction of the 184.9 r ,adiation ava lable to the hydrasine

is a.pr.ioximnateW7 P A.1 o :a Fx' the experiment with the hi hest
Pa t preesure or Ry aiyd ne in the flow stream this ra•t•on is

Thus 3l0"lt einsteins/oes* were availabLe to t•,e hytda'ine,
and if the quautum yield for, hydrsine deomposition-war unity,
lose than .01% of the hydrasiuo produced was phatolysad.

The mercury amp puts out about ten time. as much radiation
at 953T XAs at I49 . and at-this wavelength the amsonia does
not compete vith the hydrasIne for the radiation* Tho possibility
of photolysisn of the h dr&s6no b Z62537 A radtation was therefore
examined, Veing a value oa sxio einstoins/sec, as the input
Intollity of 2537 1 radiAtion, the inotion costota etfOm
the statIc photolysis of hNydravine (5 fiters-mo neao0. ) frd

the altoUlatgd partial pressure of hydrasin. in L.s slowest
linear flow rate experiment, it wea calculated that loen than
1% of the dWra•in•o could be deomposed by the 953T A radiation.
"Thiresult was not in ooufliot with 1.he experiments In which
hdras•ne was decomposed when swept through the lamp one sin a.
carrier gas because In these experoients the partial pressure

, 57
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was about one hundred times greater than in the ammonis phOtOl SIC
experiments. The same method of oaloulationp whon apptied to these
hydruszne tlov rurs, predicts that 26% of the hydrasine should be
decomposed,

As a result of the shove calculation@ it msrea• onsaecable
to may that the %hotolyeist of Jdrasine in the tlow slstIm cannot
account tor the heoomposition of hydra-linl and thus the hydrubinez
must be docl.mpoae-i as a resul•f Ot adical attacks@.

- View of the expeirimental results and caloulatio'n dis-
cusse aboyo,, h following reaction menhhism was a do i a
the basis for a 0uslitative explanation of the flow photolysi.

(2) 1 + Ng Nt3+'"

(3) 3" -"+ N NIT + K

(4€') N,,• ' ----+ ,H2 * H

(9) 1 + va+l N• X/ +v2 + g. j
Acoording to this mochanlsm# it hTdrasi. ito a product of

the reaction, there ti an exoese of hydrogen atoms which diffuse
to the wall and form molecular hydrolen. The amino radicals are

removed rapidly by combinAtion to hydrazine, whereas the homo-
seneous rocombinat ion of hydrogen astome requires a three body
collision and is hisreroro nogilgible. rince there it au excess
of hidrogen atoms, the attaok oa amino radicals on hyd ine &aXl'
hydrasyl radicals is unimportant'. Moreover, reaction 11 is
unimnportant compared to reaction ()

The tisha o r Vteon mdae thhe quantum yio1C'-,of 0r"eaction ((8, 1•. t•) to neglected, theo only a~mmonis
'; Preo•Pomi s rea t Ion to €• hich is preos ueu dependent *, The flow

.- ,1
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exparimenta indicate that, at pressures higho 0 than LOO ma.
rosctiaT 3) is much mo-.o important than weaotion (4). At aoVer
pre"tSesr, Po:ction (4) becomee important and the overall quantum
yield 1,pproa, hoe unity,

if hydrogen atoliremowal b? reactione 16) and (71 In ho81s0ter4the otatiaticat rate fovt. he ratio of Ammons veforma•.toq ao~o red

to the rate of.hydrz•ine formation by rewtions (3) and (5) it
tvo to one above 100 mm. prosaure. Thus, one-half of the Amino
reAioals rororm ammonia and the rate of amuania decomposition at
pressures over .00 Am. is about one-halt bhe maximum value
obtained at loy prossures.

Reaction (3), the ammonia reforming stap, depends on t)%9
fthdroeen Atom pnacnentration vhleh is turn dupends on the extent
Orq'•aotions (6) and (7). ,It vil'bo shove below that the latter
reactions dopend only on the linear flow rate. Thue, the hydro-
gen atom oncuentration a~nd hetne the not rate of amoionia duaouitot.-
iion should dupend on the linear f'Low rl•ta. This affect was not

found experitment111 and t1e explanation nay be that in the range
of linear, flow raso ucod the total conoentration of h~droosen
"toews did not var7 by more.than 25% due to removAl in roactions
( a) end .(7),

Am the linear flow rate it Inoreased the roaotion products
are diluted with•ammonia causing a reduo~on of the par Ial()
pressure of hdrasinoe In the flay stream. R.eaotions (6).and
become luau iimportaiit eompared to reaction (9) ai the hydrasine
oprtial presouro to deoreased. Thun the conversion to hydrasine
increasoe with litear flow rate and is independent of the remotion
pressure*

The experiments in which the surfao.-to-volume ratio vat
nicoeased in Lhe z•neo following the. lamp indicate that most of

the reaction is complete in the Irradiated sune. It this vwre
not the oame, the increase in the rate of hydrogen atom removal
womld result in an incrcese in the net rate ot ammonia decomposi-
tion and tn the oon'iors4on to hydr•zins. A small increase myI
be noted in the.es experiments but the innrease is voaroely g eaterthan the experiment~al errors

In the static photollo i of ammonia, the meohanism must
explain the fact that no hhylasine to obtained and that tho Va'44
at ammonia decompositio n In lower than In the flow run: although
it has thes ame presaure dependence. The prtial. pro&sure ot

4,, h~drasie Is probably much hIigher in the statio system than In
"*� .•' the flow syutem armd the hydrasine formed must remain in the

"' ' .I, reaction sone. Hence reaction (6) is ve 1r important and 60uel
a .ereoase in the 4ydrogan atom concentraiton. Reaotion Is

,i5 .1 .o "• A;• ' '••••I•
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then able to compete ucooeasrull7 with reaction (7) and, n0e0-
¶ reaotion (8) results In a•monla rerormtion. the net rate of

ainronia decomposition is decreased. T'his effect Is pressurie
independent but reaotion (3) in also in operation to that the
rate of ammonia deoomproitlon has the mane presmure depondeno0
as it has in the flow experimeonts. It in possible that the
photol.ysis of hydrasine may also become important in the stnlte

While the mechanism which hAs :ýeen presented to in qualita-
tive agreeent with the experimental facts, it is quite possible
that complex howogeneou4 and Leoeeogenoous rotlon steps are
involved which would give a miore ooioplets explanation of the
reuults whioh oave been obtained in the ammonia photolysis.
Sinoe the apparatus usod in this invemtigation was somewhat
dirrfrent- from that used by other inveettgator:, a quantitative
coupAriaon with their results doos not seem justified.
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MYDRZIS " OR "M ACTION OF
LIOUXD ULORINI ON LZQUZ'D ANMOI.A

by -

1. 0. Woonan
Naval Ordnance Laboratory'

Abstraot ., .

f An attempt vana"tie to synthetize h drazino by the ilntbratieni of. liquid chlorfine with & lartge excess ol' liquidl A•ozda at 3bo0

and About 200 psiL. The bo'iý yield obtained was 2.7 Porcont. Of
theoretical. .nitrogen was fomred by a side roestion vhich could
not be suppressed by any mixing conditions tried. The projeot
was droppod an commeroially =uattraotive.

Introdue tior,

In 1949 a group at the Naval Ordnance Laboratory beome in-
terosted In the syntheals of hydrazine. The roootion of liquid
Gaftnia and chlorine vas seleoto d feor exploration. During the
sumrer of 1950, apparatus was set up by ubeart Tatum, detailed to
NOL from tho Bureau of Ordnance. A short investigation of the
reaction was completed during the period b Mr., Tatum and Drs
George Bryan of NOL. At the time this project was begun •xhad no
knouledge of the work of Mattair and Sisloe of Ohio Statelb',

Certain rigid restrictions were laid down at the start of the
Investigation:

1. Experiments would be terminLated unless tere vere in-
dioation that a yield of 90% or better (based or.
chlorine) could be obtained.

2. The reaction was to be run with a large excess of
ammonia to mininise side reactions.

"". The reaction was to be carried out under pressure ia the
liquid phase at a temperature of ý0O - I59O so that amil
water oould be used for cooling. Any attempt to use
refrigeration for dissipating the heat *:I reactiton vas
regarded as lokding to exoessive oapita..and power costs.
We felt that vapor phase reaotion vou~ld lead to excessive
localized heating and that clouds of KH4C1 produced
would be bard to handle. In addition, plant equipment
vould be bulky. 6.

RESTRHlCTEDI
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4. Tvmperat•ur rise during reaction was to be held to 59 -
o000 partly by dilution With amomli and partly by . J

exte*rAl cooling With mil" wvater.s

5. No diluents, either liquid or gaseous, Were to be employed.
An Inert gas dilueat, in ;artinloar, oou l'ead to excessive
recover? cosats

6. The estire operation Avs regarded as a logical adjunct to
an existing chlorine planut ad prjected recovery processes
were based on chemicals available within such a plant.

A cost estimate was prepared for a plant producing 1000 pounds
per hour of h7drrains at 90% ffiaoaenoy. top 19bO prices materials
codt wan estiUatod at 18.7 sents per pound vith a sellinf price
of about 37 cents. Capital aosts seemed to be In isino vith those
for other heavy chemical prooehse.a, Laboratory apparatus was
desired to produoe 0,1 pound per hour.of hydrazine at the reactor
end. N~o attempt vas made at this point to test the roahibility of
pzojeotod recovery prOcesses.

Several reactor desisjs were tried; the final one is shown in
yigure 1. Remotion occurred in a 2" hole drilleld in a blook of
stainlees steel I Inch thick. The tra'zt and rear faces of the
cell vere mado of , lei inch dians of I inch thick lesoulite glass
with 0-rlng seals. Chlorine wes metered through a stainless valve
built Into the block, the spindle projecting just inaide the cylinder
wall. A thin flat, Jet of ammonia was fed at right angles to the
chlorine inlet.

A simplified flow diagram in shown in-Figure 2. Certain
valves used fotr zaety and convenience have been omitted.

Both the ammonia and ohlorine tanks were Immersed in theriso-
state to develop the proper vapo.r pressure over the liquids.
Armored rotometers registered flows. Chlorine was oontrolled with
the valve at the reao,) block, while wwmonia flow van controlled
by the outlet valve to the recovery system. OperatinS pressures
were from 180 to 250 psi. The chlorine prosastre was kept about
10 psi higher than ammonia to prevent back-up Into the ohlorine
X.ines. The ammonia tank vas made of carbon steel, the rest of the
system of ,16 stainless.

The recovery system consisted of an insulated chawbi (Dewar
type) In Which ammonia expanded to atmospheric pressure. The
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eooloe produot dropped throush a condenser into a ooeverie inert
gas*# wreo vented thr•ugh 'seonud condenser attached to the -
recever. Both landensers and reoeever vere Cooled An a dry tle
aeetone mixture. The apparatus was pveper1 aruored sad vented to 1
protect oporatinl personnel,

On oupletieo of' a run ammonia' vas removed in setll 8i-t

aepartion at least equivalent to one theoretleal plate. In mors
cases the residue was dissolVed In Water and an aliquot taken for
aa•ly.sis, Sometimes an allquot of the eoneentr~ted amwonl% solution
van removed &ad dissolved in dilube &aid an t~he resulti~ng solution.
aayej1•8 d.

NTdraiine was determined bF ltitleato with iodate. A chbek
analysis yas made by. reducing s iover aoA ad veighing the silver
precipitate. boutalazine vas prepared in one auitanoe to identify
the reducing agent::

IDisappointing yields of' hydrazinS Were encounteredL %ado- all
conditions t.leds Besults are summarised In table 1.

Table I

Rydrazine Yield@ (Based on Ohlorine)

'Opersating Pressure 180-200 psi. Temperature, 35o0
NX, Po• ¶d C1i2ePd Yield hyldrasines,

100 18 0.18 1.0

".0 15 0.045 2.?

8,0 20 0.1012 1. 0

900 19 0.021 PO.O

In vlov or the findings oe Mattair and 51slor that ohieoraine
reacts ulovly with excess ammonia it Is possib.! that reaotion
time va Insuf'fioiont in these experiments. Our operating tempera-
tureohowever, warn somevhat higher, and should have I od to faster
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Nitrogen was formed rapi~dly In the rogation chamber And no
conditions of mixing wor~e found vnloJh prnlvented the unvanted aide
reaction. An analysis of the Inert sea with a mass spectrometer
shoved GAl7 ^ trace of hydiogea. . thers Was never any *vLd#Aq~l Of

nirgntooohioride being fond. Heavy mnetmnal L wufre presentin the affluent from the rieactor. Niaklc and Iron vwre Identified.Xolybdonum vas Wabsnt. No test tor copper wa mde

No atep a a*to diueteclrn ihasolvent
such as eazlbon tetrachloride.

Subsituton o broine or horine gave a slover, M~other

In conn~ection with this project certain other observations

A 30% yield or hydiratlna YN* obtatined from the reacti~on 6f.15 S.
a* semicarbauids hl-droohlorido and 8n~ oo of anhydrous ammonia
1eated for 2 hour~s at 10000O and TOO pot.,

Phonylihydrazine and liquid aumonia failed to reant under the
A~~ ~ mitreo .5t of nitrobantens, 0.5 S. of NIf4I and 7.5 co

of anhydrous amn~aaia. heated to 1000C for 2 hours d1,4 noL show
hydrazine. * hia experiment wias per~formed to as* whether nitro-
benzene would oxidic* 91 to Igj and it this, in turn, would
oidiss ammonia to hydrazine.

This work wats upported by ThaOr Task ROL-l1-Re2d-02-ls

(I Mattair N.and S±alew5 No R., -T. Am, Chem. Sao., 7Z
IR 92(195[)!.

lj. Dr. Noonan saked If anyone had attempted to produce hydrazins~
from hyd¶voxylamine and ammonita. SOL had tried the reacotion with
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MR. D. V. ntYxgR (Olin Indusatries, Ino.)I We did ionm vot'k of
= reliminary nature Lnvolvin the roaotion of assonla and hydroxol

e to make hydruamsi. The raesults, hovevea, voee assativiot

Z am Interested In the statemeant that you ought, t o be able -
to make hydrasia.o ahosel from hydroxylaulne. Zt lm i myIs-
pvesesoa that hydroxylamiae Lu an expensive material at the
present time. I uh It almost as hard to make as hydrasts..

DR. WOO3ANs It can .a',made by thodio*'eluotlon, of NO
I believe. It soeos to as u ain Osarndew. tipo *41% you ought ,
ltu the o~corine 1ndust:,y of" the' liquid ammoni4 extraotion of sodium'

hydroxlde 'ou ought ,to bo able to s o .ot It ,aall"

A *ii ' ". . , . ., " I

II

*1 * .. ,

1~

.'. I8
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BVIWMART RIPOTl on AVAAbIWLfT AND COST OP NYDRInZN

by'

Rummell a. ooo06a V

The Ralph No. araon* Company

"The p•,oesut production or an•ydrous hydrasin• totals about
.650 pounds par dor ihteh will be Increased to 12,600 pounds per
day eati tJhim sparng.

The ourrent selling price is $4.50 per pound, vhich vwl.l be
""ndued to $2.50 per potnd or less when the new produot•lon
facilities are put in operation.

The modified lasohil prooehs offers the loweot poost eatabliehed
"I oduotion method, a&Wt viii I.ooount for about 95 poroer t of the
toal production. The Brea-flypcohlorite procoes vwill upply the

balanoe ,Ij

AU estiute or absolute mlnirmu produotion cost In lovernMent-
oported p±±anta utiliing the Hasohig prooess at a rate of 50 tonspe~r day :lndicateae:,

1. A ot•i of 30J4 per pound It allrawv materials are
supplied at cost in 0oveamant.,operated plants.

2. A cost of 46.60 per pound it' rwv materials are pur-
chased at market prices.

It Is apparent from the papers which have been given in this
StBposi that a great deal or revea•roh vork has been done in the
a tempt to deveolp a process for the production of anhydrous
hYdrMaine at a lover cost than the existing aoamerolal processes.

Some of this work my ultimately succeed in this objeotlvej
however, at the present time all of the oowAeroial productLon o
hydra•uine Is divided about equally between the modified Rasohig
process and the ursa-hypoohlorite process.
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TL present production total# about 650 pounds per day but
-ad~di~tiona~l plant f&olitL are now under ocnstruotion vhioA vWill
Increase thin to about 1,600 pounds per day by early this ,*penrL
at Vhich timn the RPAmhs g procese vil account for approexA ely
95 poycent of the total production.

Th. current s.llI4 price for anhydrous hydraslne tI about
$ 1',50 per pound In stainless stool drums at the planu. •avhoer

It s atmatd ha atarte m a cilitie are put in opowatiout he price can be reduced to about $2,50 per pound at the LiAke . .,II

Charles plant of MA&hiesmh, and at the Nfevarlc, Flew :*roes plant
of Fairmont.

!T the spring of ,950 The Ralph M, Pa.rons Oompany completed J

a study tuider the sponsorship or the Navy Dvpartmovt Bureau of
Aeronautics to doter&mie vhat processes ocOi~ii. be oaployed and
what the nmiaium cost vould be If the Govern&4nt required hydrasin.
i.n large quant.ities.

Bemtor Design &M 0,2st =*stifA~

~w~S!L22nat -- The raw material cjo~.s~ are determiued
on twobVAoes. WTAG-Mst deireable from the hdrasin• eost Stand�.

Eoint in where av.oohiA, chlorine, caustic and urlo are prodloed,I n Governm~mt plantx and charged to the h drazine, plant Nt goeettso

afd this ham been deepnatod as Came A, hase raw material. "oo6.t"
would inolude allmanuractun g costs and normal plant depAeation,
but no general overhead, interest, MaleS expense, -income taxP or
profit. To eotukls7 realize this Iow cost raw mate•ial source

ould require the oonstruation of Government 'clorine, caustic,
and aumeonia failItioa. Sulifric &aid and glue are not, constdered
crIti•al items and could be puohased on the open market.

The other case, designated as Case D, assume% that all raw
materials would be purchased at prevailing market prices.

Freight is estlmated at $5.00 per ton on ammonia, urea, and
oulfuria &aod only, with ne freight charged for ohlorine or caustae.
This is also an average condition between a completely Integrated
plant and an isolated hydra•uine synthesis unit.

.111§16h -, The primary utility is natural gos for $team

""team plant investment and the operating cost aOe included as pawt
of the overall hydr•iune plant. The same Is true fop water cost.
No charge is made for rav vawter but the cast of treating elmkup
cooling water and boiler water ts shown. It is assumed that the.
small amount of electricity required will be purohased.

S.'.,TO
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PgRoepsing an dnoh•*Pi'sS costs -- Thse are based on the
estilmt,ed labor cud superviory ooroe i.uid and the oper'2ating

. Conditions anticipated for' this type operation. The iten OHis-
cellaneous" inoludos general engineering and xalntenanoe office
eupplies and expanses, medical fir an s.ou'itr pa' 0otaA " m..

star** and sal.yf, t'en poatdttion# janitot seervioe louteldii
aprooessing saea)& moving and 1iVlng eape•s eluf emPloyees, main.

tenanoe or groun m and roads, non-opeor'tiga vehIsle#, and laborator.

A Rtint -- Amaotisatioa is tken at 10 peorent per year
1lCa A And aO poent per iear In Ogs.e B, The resultin lla1
figures are therefaore higher than the aeseasekf-deprec ion
figure of vjorhaps 7 percent p•o1 trks vho@h vould be used In noymal
Accounting prooeduae. loHavo.el' on0, of the pritary purposes or
the ocit estimates in this Nepoat 2a to detormins the cost of
hyrd••aine to the Ooveinment should It become involved In the
xaui•toture of this mwturil for military use. 8inoe kahdram ne
thus far has no large scale non-allitary use, It in b l ,evd that
more toal~lt*., cost figures v•iL be obtained by inoluding In these
costs the effects of amortt-Aation at 10 peroent and 20 percent
per' year ra'ther than the: lover nor'mal deproeint.on figuares vhichA•:• are uad i'or nAmmonia and ohlcoine-oaustio planti, the prodote
trom vhich are in large scale peaoe-tIme demaed,

,,mot -,-it both tMe Raschb1flAonolysim and the
VrUeea----51I4ti7Aunolsnihs proeesia v Ii yield a ooiroalml•'
saleable amaonUua sulfate by-product. The Uaca..-Hypoohhlozite
Auuonaoilye prn,,•as vwil aiseo yield a su.leble 28 pereont aqueous
av=ona solution as vwil the Urea-Hypooblorite Cauatio Dehyd;ation
process, The credit tor these by-productes i coanservatLiveiy taken
at about oe,-half e he present market value, or .RO per toA foe
samnium sulfate and 32 per toi (anAhirau•j bamae) for the 28
percesnt aqueous asmoAAi. Iaelt sodium chlorlde l pzoduosd as

by- prodct An the Raoihig Axaoneoysis proooes, and a sodiuw
ohblicde-aodiuma carbonate udxture Is p'oduced in the two Vrea-'

eroqhlorite processes. The eout of recovery and purification of
thse materials Is eetimated, to be more than %he sale value, hesse
no by-produot o'odit Is alloyed.

I1:1dd ..- The cost of producing anhydrous hydrazine a"
detertoieda.-•Ta-s .'oport does not include hea.. office salaries
and expenses, processeing royalties, interest on vorking capital,
Interest on plant investment, sales expense, income tax, or protit.

This study brought out the tolloving oonolusiones

1. At the existinj state ot development the.Ramohig process
could produce hydrasine at a love: cost than spy other
process.

.-.



2. A minimum coat of about 27$ pop pound of anhydrous hydz'-
s.n" 3ould be realizod if all raw materal.e ould be
sugppe14 frol Governmeiit plAmit and Oharge4 to the

"J. byaresh plant at cot

T. The production of hydraslae by the urea-h4pohlorito
+recss was about LO0 pet' pound higa•1 lthea the

411 achigprocss J lar'ge-scale plants,

Ioono 'ie uveiuatIons wore made on the basis of various prooces
units designed tow 50 tons of ahydrous hydrasine per days

Theme data are prosented in Tablem 1 UpAD s. and 20.

Three dttoere•ot mthodu for the dehydration of the hydisazne
hydrato a.aotrope vere studied qnd it was oon0Cludod thAt cataulo
dehydration and Leotropio dehdration. were about equal un & .osrt
basts, while smonollas of hydrasino sulfate was 8omevhat nore
cos tl and untrodued problem# of by-product disposal.

Theae relattonahips are ahoVn Iu Table 5.

The , 1r'oea-jjoohlo;uite roea ,.

Tho production of hydiasine by the urea-hypoohlowrie prooolu
ii somevhat simpler than by the Rabohti process in the respect that
solid uraa oan be stored an4 reacted at atco ro1a pressure WhILM
liquid anwnia requires preoaure equipment. roeveo, it Is a more
costly prooes beoause of the higher cost of ures than aiusoaa and
because it requires more osetli•O oda.

A omst ocoparison of the two procesmes is given In Table 3,

Doogggapliton_ at SoMAosrbsmsld

The aamonol~ysi of nemia•rbaside appears to offer an attractive
mean@ of produoing hydrasine. Although there is no commoroial
produotion of hydrisine by this proooms, It may be of Interest to

9present an estimated co•t ooMpaP1son with the Raeohi.g process.

:L10 .

It hdnaslne Is tv be produced by the Rasohig proccess 1.A
• uasaitloe of 50 tons pea day or more, the unit 0o0ts orreo•ted

worn the 1900 index to November 19532 would be an followsl

4 .
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* CONFIDENTIAL

DISCU.S6ON ON PAPERS ByMR. . .w -(OOG, M. JOSEPH D. OHRZ$P, MR. HARRY 2. GUNNIN ' .DR. EVAN 0. N•O0NAN, AND MR. RUSSELL GOODMAN

VQZC0i The mehanisam you had on the sldo Indloatod thatShydrogen atoms contributed materially to the modtfioation oftho yiald by Intermediate step~s, yet you find that althoughhydrasine is prosumod to be removed by roactions the leldinunalffeoted by a very large increase in the surCao volto me ratio.nvow do you explain that?

RPfOFZSOR OUNNING (Illinois Institute of Touhnology): I don'tthink that partioular reAotion is important under our conditions.I put that in an a posolbility but actu.illy the hydrogen atomsare largely dentroayed there. That i; to say, if you look at itthin way, oon•ldor the infinitely high flow rates, you h•v-hydronn atoms pr-.X.ued. There is no other plane for themc.<cnpt the vail if they did not react with hydcas•ne. Conso-qunntl.y, the wall then becomes unitmportant. Xt Li onl7 wherethe wall compotoe with some other process that you could saythis would eirtoot I~t. it the wall Is competing with hydrazinothat. would be truc booAuae in the ease where you have abgtrac-tion prnmesses forming 114, thon that wokild become truo, butaotua lLy in the very higg flew rates the wall doesn't, as faras we can see - nov we way this with a oerlain degree orhumility --- oi~tribute.
VOIOL Kinetically speakling, that reaotien does not exist.
PROP985OH OUNNINGa Look at it this way. Suppose you writedown the reaction and you got 100 poroent hydramino and you gothydrogen. ,How oele can the hydrogen moleoul.s term if' they donot react with hydrazine, unlesu that is by abstraction? Youcould perhaps use ammonia ae a third body combination in thegas phase, with ammonia as a third body, but ve don't believeth.at is true.

You hit a point that we are not sure about. This problemof the heterogenous process puzsles us a great deal. it isone of the basic problems I think in the interpretation of theammonia photolyssj; ye do not know the actual role of the"heterogenous processes. I agree there is some question in sofar as vhat the hydrogen atoms do.
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VOICE: The reason I ask in that one In to increase, the
other decrease. It would seem pecullal, therefore, that Tou
should have found, If this meohanism t hat you described to
correct, that large an Increase if the surface volume ratio
is as you say.

.4

FRO•T-5OR GUNNINGi I agree with 7ou. These are the facts
though,as far as I know them*

DR. IP¶1 VON 1=53RT (Fairmount Ohemical Do., Ino.)i In
the aretropic dehydration of hydranize what is the over-all
loss of aniline per ton of hydrasine produced?

MR. WICOIAISEN (Mathleaon Chemical Corporation): This
question will be answe•,able only after commercial prodtotion
of hydrazlne in bogun. Theoretioally, the loes should be nil,
sinoe aniline is oompletely stable under the conditions of
operation. faowveivy, actual loss will depend upon tho effioiency
with which the aniline can be recovered from the wanse water,
and upon the hAndling losses. Pit,.• plant operation does not
nuourately pin either or thene ftctors dowe. In any event,

the loss of aniline anticipated in the plant does not contribute
appreoiably to the productlon cost.

DR. VON HOSSERT: You must have some figure to baseyour loss on.

MR. NICOLAISSEi As I say, we have no actual basis for
proving the loss.

S TIM ORAIRMAI•t I would Just like to caution you who enater
,the discussion that you will have to correct the stenotype
record. We would appreciate, it if you would make your remarks
as loud as you can.

MR, MDPY?" OTEINB•ERG (Guesgahelm Bros.): I would like to
ask Die. Gunning what conoentrations of hydlrasine were obtained
in his experiments. Is there any indication as to a theoretical.
maximum possible concentration?

SROPUBSOR OGDNNIIIG: Nov the concentration of the hydrasIne
in tho reaction zono, of course, affects the extent of docompo-
uition. As you scale up the unit one of the things you do and
the reason we are doing it, is to increase the actual extent of
the deoomposition.

*• I think the crux of the whole thing lies in this -- can We
increase the amino radical conoentration, therefore the hydra-
"sine conoentration, and still maintain the same ove. -all yield.

E2
CONFIDENTIAL

SECURITY INFORMATION



CONFIDENTIAL

in other vurs•, you must realise that in t:•is process at this
ptease there Is no preoedent for this type of work. TherCr,'e,
we Idante 8910 up, that Is, at least t% where Mr. Goodman can
do it because of the reat deal of industrial, knov-haOv and
preoedent. There to none tn thi.J consequently, vo don't know,

What Ve are doing now Is inoreasinS the light intensity,tledrletherefoe nreSin the concentration of hydlrasinej you see,

in the total amount formed, to see It weoan maintain by a
factor of 1OO aquantit field. We kvo reason to bellevc
we have incoessed the yie d under those coaditions beoause vO
can Set higher floy rateI.

MR. BTZNIN Ot What ares the values of the stationary
ooncentreations of hydrazins?

PRO2'2S5R0 OUNKINM They are extremely loys we are only
decomposing about 0.1 percent of the ammonia. Under our
nonditions that is limited by the light intonitty. As we scale
it up, we will increase that.

THE CRXIRMANt Anyone else?

DR. EUOENE MILLER (Redstone Arsenal)i I have a general
question on the problem of dehydration of hydramine. I wonder
it anybody has considered the possibility of operating the
distillation at lower temperatures and pressures in order to
break the hjdrasineaeootrcgp. Theoretically there Is a
possibility and it can be done.

MR. CLIOGi We have liven it brief consideration thooret-
ically and find there in little point in goirg to lover pres-
sures. There is some Indication that a break luld be obtained
at about 10 atmosphere*, but as far as I know, no experimental
work has been done.

MR. DANIEL B. MURPHY (Picatina•y Arsenal), I would like
to ask Dr. Noonan whether the tnlorine and ammonia used were
of commercial purity?

DR. NOOILANs Yea, they were. That is what you would use
ordinarily. Actuallyp they did go through one distillation,
because we distilled them into our receivers, and may have
purified them slightly. We didn't intend to do it, however.

TH] ONAIRMANit Mr. Nioolalsen, do ou want to ocmment on
the question by Dr. Miller of Redstonei

Mid. NICOtAISRNt No, mir.
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MR. M. P. DUNNAM (Wright Air Devetopment Center)- T hati
A commemn on the H•4dstone question. We ran the dIttitlatlon dovn
to to mtllimeterv'. it dldn't change the a-eotropo composition

THE C, IUiUAN: Anyone "16?67

DR. A'. H, BALL (Horculos Powder Compaisy).l I 4m curious to
know vhuthor tho Rathioaon people regard theo rarsoz3 figuresa as
a reaeonabLn Coal. for that $calo produotion.

11S)• CMIA!404A:, Which %gured, A or B?

DR. MATL, Eit.her one.

DR. TROYAN (Mlt•btbin ChoMulal. Corporation): I might speak
for BMthiuson. undor advisement.

. ballovo the Malher finures t helt tere uhewn are nmore
P MR.Llu ti.e. OIt is a rather synthotau cd.u where everything Is
,htufahturs d by [-he Govo rilmont at no profit, otartnog with

coal, te r, av te.v and sirt. I buwit•h o that the $0.50 tat poundpPiOa 1.0 A T'ouqh ',•,ure .thAt In our economic evaluations looks

attLattlabo 41l thi n Scale of opptration.

DR. B11ULt Did you mian the plant that you are buildingn ow Is for 50 tons a dny?

MR. TRlOYAN, Six tons a day.

,ZU UJlAIMAbNi Ir I way abuse one or the duties of the
Cud.,ran not o imake gratuitous coulnents I would l ike to slat, Iat this high%,' controversial matter of profit or no profity
to tho a;ovot-,imont Iti tied up with return on the money that to
used. Actually I think we confuzu figures of no profit with
fgt-t"||e uf no profit plus no chirge for the capital t)vat is
used. 'Thatl i something I certainly would like to oeo clearly
doelne.O In figures of thts type.

I think vo can foot oursolvoe. by looking at capital figures
and coat figuron whore actually the Government's costs are not
all Iu. The Governmient 4oesn't get money for free any more than
nnyone else does.

DR. W. E. LAWOON (E. I. du Pont do Nemours & Company)t A
<fiman (an always comment on that, I suppose, and. indeed I should

', like to.

8I&
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The coots in questio coarried nothing for worIici oa pt&lA

eien for eroelton of the plvnh, 3urel one a ls to pay t5 g
habo.ter before th e mnyf th e operation comes oz b

b til arherord there must be ot e tsurfficent fot thirte
Sor thiro-novo TAys' operation. Vil Is a pl ulod of your e apitalt

oand.tt notuIncludd It Is o toretrnuonart

ToR CtAi AXludes No workngr capital, In other Wtrdmt

.DR. o WSONre Ito, none wv.taoever van Inotuded. I noticed
the priaea for elowtra oityu which were down .n toy a* 5 nits,
Thol'*,in no plco0I inthe anito, otutee whote tpow r can be
obt,•ao at the po.sent time at thin figure, with the possible
fxcoption of TVA, rhiih doos not Inaludo the entire oot•s.

n tthout 1Inol9u5v thu io entire capital, there e aonoy wa or
eal o•f, A.is returon, and It ito ceoo u-r7 to aot; a return. ofu theInvo~jtw-jnt, W~hichover r,j-:to Is uuod for calculAtions. Further*-

more, thin ioludes al ot~rt.ing mtop.iale, an•d I note that

th.oo wejro at co.t without returnt. I vould be.ggoit thnt we
look at thw withl a oundined eye.

m TIM CRA±MA Mr. Ooodw|an jou are entitled to robitts,

IMR. 0COD•AN, DT, Lavron undoubtadlb k.owu more igre.liti
Mfigures about pr0 1i and lossae tono I do. Thejr wre:bo sed

oon 1950 a3 a mynimui on inatr 1uo-yn r from oux, agenyo, the: •ureau'of •Aoronnution. Ito irare to oa~leulato a mjnjt~jnt figuro

,awith no prof.te. I would tran4 they may not be in lintie today.

TIM OA•RI.ANs We pould fird yoion agreement that they aremn|imtua, figures.

11R. G•OTMMN They are azLd m'eatobly inimum figues.

It.. V. R. BOAL TE (MAthieaon Chemoal Oorporation): XroCoodmn you didn It eay wexether 1O-year =Qftizatlov) or 20-ye•.
Wa It 2 0 years in case "B"?

lik , GOODAeDrt 10 puroen• 'ter hyear or 20 per ent per yeAr.

'TEE CnVIuAon 1o-fear a0 d 5-hear periods.
-- DR. :. P. HALLER. (Mahi~eaon Chemical Co&,•oration),. I would

liko to aok Dr. Ounning vhater bi haF 4ver exceeded the approx-
maste convurston of the 0.2, mr. thorceabouts• peftoent ok' the

ammonia. I ounpoot there is a o elli3 there that I would be
Interested In havwig explained.
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PROFE33OR OUNNINGi Autuall7 the fact of the matter Is
we are, as I said bufore, liwited b our light intensity. We
have to maintain a certain 1.inar flooring. You seeB, e vant
to have a nomplete set of data In one reactor to keep everything
the sawo.

This question, I hope to be able to amover for-you within
about one month. I oan give you an experimental nsever to this
question, but I don't feel any other anever has any meaning as
it stands now. As I may, I feel that thin is one of the most
complex reactions, In 'photolysis nobody agreas with anybody.
'eo only Ma41.e oui- meehanism to fit our particular apparatus.

I think it can be done, let's put it that way. I am
sufficiently encouraged by what we have got up to this stage,
the exxeet of deoompositio2, maintaining the same flow rate.
I think thAt vo can go farther. That is a big question, I
would grant you.

TER CMHAMAN: Anyone else?

DR. ?f00rMM|' The Yathieson .igur'u On power per pound of
hydrazine must be around 6 kilowatts. Is t•at rigut?

MR. T•.OYAMs I don't believe ye have the data right as
hand. •ThAt probably sounds. in the right range.

DR. SOONANt I just want to point out Dr. Gunning has an
awfulla, long way to so. Down to 6 kilowatts ts quite ,a long
way.

PROM8MOR GOIMMING: I would like to point out other things
in my ovn defense. What I based it on was the power require-
ment of 100 kilowatt hours per pound. As it stands now it
is a most conserzvative estimate.

When oomparing the Rapohig Prooses ve are dealing with
anhydrous ammonia. We so to anhydrous hydraaine. Ve have
not the clabnrate recovery cost associated vith the Hasohig
Process, as we will see. I argue this will be the determining
factor. Ve have a leeway thpt we can move up to a )isld of
one, at least. Nov we think we can increase this. Every time
we inorease from .1 to .2, say, we out it down from 100 to 50.

There is a great deal of exploration work that has to
be done on a semi-pilot soale with large reactors and high
flow rates, but this will be the determining factor. Thee "
are a lot of mAterial 6o1sts that oame into the Rasohig process
that we haven't got.
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C That to the only reason we fool encouraged 14 going on.

M•. iNOOiKAN: Well, again, I think fer every 10 kilowatts
nf pover you use up 70u hAve got to give up so rany pounds of
alaumInum or no many pou9ds of chlorIne or do many pounds of
ealcium carbide, and as I pointed up befqreo, pover plant
faoilitios aroe not quickly expanded in war tie. You Oan put
in colts..rapidly; you 'an't vxpand a power plant in short orde•.

MR. GOODMANt I might point out. Dr. Noonan, putting In
ohlorine oall also requiresm pover.

DR, NOOVANt I mesn thl,: You can pt In a eqI.1. but 7ou
can't build the povorplant for it.

MR. CISGOt .r doiut want to enter into a 0ou4rove~ry,
howuver, reoovery costa of hydraxine frum oonountration of a
fraction of one percent In ammonia may be an ,,,oh as tho recovery
oost of the hy.arazlne in the 'acaahig Process. They are eubatau-
tial. I beliove that Mr. Goodman will bauk 'me up on that.

MR. GOODMAN: It Is very true.

MR. RYKM (Olin Industries, Inc.)l I vant to asek a ques-
tion vhich is in direct line w th Mr. Oloegg' comment. I want
to ask Dr. 04nning, witbh onl7 one-tenth of I percent oonvore•ion,
there will be something less than one-tenth oa I poraent ofIlydra.ine iu the ammonia, I think you are going to bave diffl-"o•11ty f'odig Iit.. flow do you e.poot to get It out of the ammonia?

PROESSOR GtTNINGe Simply by oondensing the ammonia. In
other vorde, you have your refrigeration unit thore. As you
pump out amuonia, hydrazine is coming down with the ammonia and
ooncentrating.

1R. RYTSRi At what pressures?

PROD75SOR OUNNINOt We have operated at a large nuber of
pressures. As a mattesr of faot, we have explored, as I say,
quite a range of pressur•s. We could go up on atmospheric
pressureo without any troubla. We have been working at lower
proenoure recently because we were interested in the problem of
ohanging quantities, but any pressure from 10 millimotere up
to atmospherio can be done at convenience.

MR. RYKEin Then lour entire system will have to be a low
temperature system, -30 degrees F. or lower.
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YROFDSOR OUWN!GOi For the recovery, the whole thing ts

done at low temperature. In freezing the ammonia you have toliquefl the amonia.

I vomit argue about that. You people are much more competent
than I am, I an Just a universit7 professor,.

M.. CALF (MoCord Corporation)l Z would like to address this
question to Dr, Noonan*

eDid subsoquent work by other inveai &torn indicate that
the proess dtsoribed in your paper was therodyDnamically out
Ot the question?

DR. 'OONANt Reforring to the awmonia-ohlorlne roaotion,
no; I thintk atutir and 31sler guRi nbout 30 poroent yield.
Roweoaor, thoy did. it in two stop@. They allowed the ammonia
arnd ohlorine to roact in the vapor phaso npd held it in the
ohloramino form at low temperatures to contact the ammonia atb
-7000. for several hours, Apparentll this reaction is rather

MR. OALI~: The reason I bring that question up it the design
of the reantor whi•oh you shoved im perhaps only a schematic
reproesntation. I wondered whether the method by whiph you
Introduood your streams might not have produoed etfeotu similar
to that found In the Hilech tube.

DR. HOO(ANt What is that?

MIR. GAL•i That's a tube in whioh gases are introduced
tandentially at high presuure. and velocities and the resul;ting
*effect, while aot thoroughly described yet by anyono, produces
a cold etroam on one side and. a hot atream or the other side.

DR. NOONAN: I am sure under no 2iroumstanoes oould this
h•a., happened in our apparatusi some Of the runs wore at
extremely low flow Mate.

TH CHAIRMANt This will he our final question.

DR. HARRY H. DISLER (Ohlo State University), I think
that I should make some remarks about this. We hoped to present
a disoussion to this group but it did not seem just quite the
thing to do at the time.

1 wOUld like to sa7, however, that the work reported in
the paper which you quoted, Dootor, has been continued, and,
the results obtained lave been improved considerably to put it

CONFIDENTIAL ,

SECURITY JINFOIRMATION

4PV 0po, 1pwý-S



CONFIDENTIAL
mildly, and that tne 30 percent yield Is a very emaul figurc.

As I sa7, 1 vish that Z could give more In orwm.tion but I
can't fit this time, but that is not to be oonsidered something
tried and failed. ,.

TIE CHAIRMANt We will look forward to a contribution from
you at some future symposium.

It is time fur lunch. I want to thank the participants
of this morning's sooslon. We will have a now ohairman this
aftornoon.

AT-TERNOOK CESSION
Fl aob'uary 1953

CHAIR~MAN, DR. XU303~l LrrBE
S. E. NAVAL 0IDNANCE TEST STATION

T1L1 R-TAMIMAN: ho emeoting should starr' promptly. We have
a large number of papers to cover. The first speaker is
sohodul.ed to tako off at 1400.

Tho next pAue o(it our coo•rerenoe ooncerne itnelf vwlth
"Propertlon oa Hydrazine and J[ydrazine Systore." For the after-
noon seauion we will. cons1.dor various phamea of phys'toel chemistry
of hydrazIne, ohouloal. prabloma, analytioal problems and aafety
and handling and toxiOity.

Inoder to end the afternoob sevolon at a reasonable period
frt nuinber or papoes and the discussion vs should got out

of thoea papors, and in fairness to all of the. upeakere this
afternoon, I would ouggest that each of tho speaukors try to
restrio•t his own proentation to approximw&tol) fifteen minutes.
Doponding on the lentth of the dirousuion, we can allow for a
plus or minus five minutes.

As In our morning aession, we will present eabh group of
p.•pero, followed by a disoussion. We will atart oft promptty.
The first paper is on the "Thermal Analysia of Hydrazine
Syetomu," a contribution from the Naval Ordnance Test Station,
by Jane N. Corooran, N. Ogimachi, Howard W. Kruse, So. Skolnik,and myself. Sol Skoolnik, as most of you know, is now located
at the Naval Powder n'otory, Indian Head, Maryland. The paper
will, be presented by Dr. Kruse.
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T]rPMAL AMALYSI3 OF B01M HYDRAZINE BYUTIZS

by

Jane M. Oor3oran, N. Oimaohi, Howaw4 W. Dose,
Sorl koltik and Eusene Lieber

e So 5.HNV& Ordnance Test Station, Xnyokosr
Presented b7 Dr. Howard We. Kuse

ks a part of an Investigation of low-feeosing f'uel mitxures
containing hydr&ains, phAse diagrams of a nijmber of binary
eystoms were detormin e. These Inaluded hych'utzine with an;1o.2iu
mett~nol, athano, D-prop I alcohol, isopropyl alcohol.allyl
alcoohlol, nolaohol, and 5-•iminotstrazole, The tornar•
07atem hydrn•irn nitrate-vater-hydrazine atlo war Investigated
by moans of thermal Analysis and a phase diagram was conestructed
from these data.

During the past several, years there has been a roving
Interost the use of anhydrous hydrasine as rooefe fuel.s Thefavorable propearies which reoommend it are well known, Among
these are high speoific impulse; low vapor pressure, low flame
luminosity, and smokeless e~haust. With commonly used oxidants,
s~uch an RINA WI.'N•A or hydro on eroxideshydrodeun igniten spon-
taneously w14h a ver.y short ignition delay.

In 0e10etino any material for, propellant usee, however
various phonioal properties must be taken into consideration.
One of the most Important of these to the frosing point,
sopooially when the fuel In to be ,,mployed in paok&W~ missiles,
The potential employloent of a fue In arctio rosgions'and in air,-
lauInched rockets requires that the matnrial remain liquid down
to temperatures In the neighborhood of -6501p. Vydraline, with
a preomibg Point of 34.?7F, would solidify under suah conditions.
Therefore, in order to extend the teniperature range over whichhydrasine may be used, it Is neoosuary to add other materials to
depress the fronting point. A part of the woicr of the Inorganio
dhemisett Branch of the Ohemistr• Division at NOTM has been

direc toward aocomplishing this purpose,
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This investigation ham Ienluded a literature survey of

previous work on mixtures of hydrazine with additives, and
preolmInary nurvey work iz the laboratory nn additives not
esudied bW~ore. A number of the more promLeIng materials have
been inveutigated In some detail and the results of this work
are desoribed in this paper. The tethod employed was that of
thermal anaLyfis. Promn the miltino point-oomposition data
vhioh were obtained, phase diagrams of these h1draisne systems.
were constructed.

rj~UP XiRIsVNAL RRQQEDUB

Hyt,, mine. Anhjdrous hydroines as used In all. of the work
doeox*e,&d'-eo except vhero othervise indicated. The anhydro• s
hydrazine wan proiared by dehydration of Airmuount ooimoroial

* hydrazino (95%) * Three pArts by veight or h7dranine we-e add'ed
to two aprtn of froahly tused potassium hydroxide which had been
ground in a dosiocator box. After the mixture had been allowed
to stand for•tvo hours, the hydrazine van distilled in an all-

Ml~8e apparatus under a nitrogen atmosphere at a pressure ofU0-00 %m Its* In order to minimize tbhe explosion hazard of
hydra•ine distillatlon,, nitrogen van adlitted into the system
beforeo heating, and the flow vAs allowed to continue pit ii. the
Apparatum had cooled at the end of diatiLlation. A garet
ahLeld was used during the entire operation. Approximatel y
75 percent of tho hd•diasine wan distilled from the mixture. If
anAl sis did not indicate nubstuanttaly comploto dehydration,
disti llation from fused potausium hydroxide wan repeated.
JAnal.yse was mad the diroot lodate method using chloroform
an an Indicator M . ydrauine purified in this aiannor analyzed
99.9t percent N244 and had a froeeing point of .5200.

Aniline. Aniline, prepared frow aniline sulfate, 0w '
purlirT-8 distillation in a nitrogen atmosphere at 60-80 M.pressure through a 3-root oolumn packed with glass helInes.
Middle fractions were collected ate reflux ratio of 5il. The
combined uaterial from snveral distillations van then fraction-
ated and middle fractiors again capeoted. The purhited product
had a ore•rractive index of l.5860 . and a trusting point of
-6.o 00.

&1_ohol•. Most of the alcohols were purifien cnnrding
;. { to pLod'ti'•ee given by Weismberger and Prosokausrpt1, )efwae-
tive Index and density were used to cheek the purity. Briefiyn
the methods employei for each alcohol were an follovws A.O. .
Roagent-grade, aestone-free methanol was distilled at atmos-
pheric pressure from magnesium. Absolute ethanol was puritied

; ",'" 91 . • ,;

* CONFIDENTIAL
"SECURITY INFORMATION

• •, .;•.



CONFIDENTIAL

by distillation from freshly oalalned oalcium oxide. For the
preparation ofuVO propyl alcohol, Eastman White label material
was first distilled from magnesium aud Iodine. The resulci2g
product was then fractionated through a 4-foot column packed
with 1/8-inch elans helices. Middle fractions were colleoted
and .wpl•-yed In the work described here. Iuopropyl alcohol was
first rofluxed with aluminum amalgam for four hours and then

fraotionated in the column used for n-propyl. Alcohol. All.y . .
alcohol was given a preliminarypurifioation by fractionation in
an 18-inoh column packod with 1/8-inch glass helices. Middle
ileaotions were colloctod and finally distilled from freshly
dried potassium carbonate. Purifioation of propargyl alcohol"
Was affected b7 first drying with wugnostUm sultate. The alcohol.
ways then distillad from I-, percent suooinia acid through az
18-1noh column pekoed with 1/8-inch helices. Middle fractions
from several bAtchas were collected and again fractionated.
Phyolol constants of the product prepared in. this manner asreed
Volt with those given in the literature. The greesing point.
however was soliwo't17 higher, a value of -51.5 0, btJIS obtained
comparoa to -5l.8"0. reported by ilenne and Oreonleo10s'

All purification proceduris used for the alcohols were
carried out with suitable precautions to exclude moisture. •ub-
sequent. operations omployod a desiceator box filled with an
atmosphere of dry nitrogen#

v ve otornnole The mono-hydrate of 5-aminotetratole
obt•ANi-!d --i'om 'Iran--hemical Company was dried In an oven at
10000. to remove the wAter of hydration. The resulting product
wan then em•nloyed without further purification.

Hidranino Nltratq-. ydra•sine nitrate was prepared by neutral-
Imat-on•of•ir t ydraztne with froah, colorlosa C.P. nitric
acid. Both the hydrasIne and the acid were diluted by an equal
weight at ice before mixing was started. Further additions of
ice wore made as neosoeary in order to koop the solution cool.
After noutralisation wso complete, part of the wator was removed
by evaporation at 80-90 0. on a hot plate. The solution was them
placed in a rilter ;lans, oonnoote4 to a water anpirator, and
evaporated at 68-79 0. bi immersion in a water bath. A slow
stream of nitrogen was alloved to bubble through the solution
to hasten ovaporation. When evaporation had ceased, the result-
in$ syrupy uolution waa cooled it' an lee bath with constant
stirring. After crystallisation had begun, absolute methanol
was added in euffioeint quantity to give a smooth slugr when
the mixture had cooled, The orstals yore then filtered on a
sintered glass filter, washed three times with absolute methanol,
and allowed to remain on 4he filter until most of the methanol
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had been removed by auction. After air-dryinst the hydrasino
nitra gven a fal urling at 6-8 hours in a vacuum ovoen
at 50 O, Analysis for hydrasune by the direct todate method
indicated 33.69 poroont N2AI; the theoret.i.oal value In 33.71 per-
cent.

Pressing and molting points 6f most of the ptre oounds
and mixtures were detoermined in oells of the type shown in'
Pieurv 1.. Tjn sizoe wore employed. The larger sise, used for
study of the fiirt three systemis vas oonstruoted of 25 mm Ppox
tubing and the n body of the cell was 120 mm Lou$. Tater it
was found that a slightly smller ooll could be handled mor
r, edil7., and that it vap easier' to obtain a emooth slurry of
0o Istals. The wiomainder of the s7otems w•.• thurefore, studied
using the smaller cell. The main body of this call Was con-
etruoted of 20 mm Pyrex tubing and was 110 ma %on . A ther•en-
couple vw'l was insrtoed through one of the two nt odard-taper
Joints in .he top:, The other oponing was used for introducing
ihe oovia>•tjn to and vam alosed Vwth a otundard-taper plug, BtI'-
ring 0)' 1.1r. mixt~uro durng n roen$ and molting vs accomplished
be m iant ote a copenoid a ingorrmittentl•y on the iron bar

estead into the u•ppo end of the spir'al, glass stirrer. The
current to thu no onoid van interrupted by a multivibrateoi
otruitt. In ordoer to provide slow, uniform change. in tewpesra-
turo vhvzi the oat% van itmerved in oooling or warming baths, it
&un ltaed in the clear-lai Devar ftalc ahOwn in

The mprature in the cell vwan measured with a calibrat
copper-oonstantan thermocouple inserted into the vell. which
*tontained n-propyl alcohol as a thermal conducting meoium. The
thermocouple potentals was con~tinoua7 recorded an •recording
potentiometers wi th the exception of the work on the hydra.ino-
ethanol system. In the Work on this system the thermocouple
potential was measured with a Y.egda and Northrup Portable
Prooisnou Potentiometer. TenmerAture in the sho sates of hydra-
sing With methanol, allyl alcohol and hydra4ine nitrate and
water, wore recorded on a Leeds and Northrup TI'P@ 0 5poedomaix
recorder. A low-level amplifier specialty desii, ped tor workt
of this type was employed. This made it poisible to vary the
chart aeole on the Spoodomnax from 50 to 2000 miorovolts. In
most of the work the 200-miarovolt scale vas used, making it
posuible to read thermocouple potentials to I Miiorovolt. Therm-
oouple potentials during melting in the Iystmem of hydrasino
with propyl alcohol, iso rop I alcohol proparg l alohol, and
5-aminotetravolo were determined on a •rovn Blektronic rseoording
potentiomet.er having a one milltsvot chart soale.
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Leeds and Noirthrup portable Precision potentiometers were
used ( a sero-pnint cuppzrufoOri for both the Speedomar and Brovn
Elektronik rec~rdlng potentiomstors.

Prooedure•o re Melting Polnts and sessing -oints

The mixtures of hydmislne with the various addltive. utsed In
this otudy were propard.d direotly in the freezing point coll,
using an analytical balance. Compositions yore caloulated from
the voi±hts thun obta:p.re. For the expurizzents omployIng
puriflod mate;-Aid, the components were added to the cell while
-it was in the desicoator box. The oommercial materials were
handled in air.

Attotepts to determine freezing points of mixtures of hydra-
nine with most of the additives were unsatfsaotRcry. Stperoool-
Ing took place to uuoh an extent that reproduoible freeoing
points could not be determined. Therefore almost all or t9e
the- !ma u analysis data preseuted in this report were obtained
from warming curves. 'rhia procedure consisted of freezing the
mixture with constant stirring and "otins the approximate
froostng poirt. The cell Asemoibly was then placod in a warm-
Ind bath which was a row degrees abovo the reessino point, and
th*otemperature va•s aliovwd to rise. A warming rate of 0,1 -
02•. p•r minute van obtained. %tLrring of the mixture was

continued until the iolting point was paused# This procedure
gave warming ourvoo which were raproducible and from which both
eutoetio points and points on the liquldus {ine could be
dotermincd readily, in eoe ories, howevor, especially durinS
the early part or this utudy, data weo obtained from ooolingdicurviod.u*v" Whero this meth~od was employed, it is indicated in the[

RLUSUL1fl AND DISCUSSIOX)

A phase diagram, plotted from thormal analysis datae of the
symtom aniline-hydrasine to shown in Figure to The tempeo&Ature-

composition diagram indicates that anit no and hydrasine form a
sim1no eutoctio syutse. The mixture with minimum freezing point•
that of tho nuteotio aomposition, oontaifn 38 01o0 pere nt (r17.3
veight percent) hydrasine and freoses at -35. a'. Although a
fuol baVing this froesing point may not be suitable for qxtroeme
temperature conditions, the molting point of the mixture shows
definite improvemont over pure aniline# The possibility of lower-
ing the troeuing point further by addition of a third oomponent
way povaJbly merit further investigation.

Because of the goneral availability of the lower aloohols, a
numbor of binary systems of these material, with hydrasine were
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jlinvestigated.

Malting point-compooition data for the system.hydrauine-
methanol are plotted in the phase diagram given in ?i ure 3.
Three addition compoundse N2X.HCH3OH, N2H.2CH3 0H, a•
N2fH44CH3 0H are found. 4tittng points of theme jompounds are
-47.3°0 ., -57.8oC,, and -69.500., rospeeitively. The two euteotiel
molt at -60.00C. and -1000C. The oomppound N2 H4.C• OH exhibits
an incongruent melting pointj its exstaeno. was established by
isolation and ana•iuis or the solid phase aeparating from a
cesled mixture con aining 59.4 percent methanol. Over the range
or 55 - 59 mole percent methanolI two curves were obtained in
the phase diagram. Points on the lover curves were found when
the mixtures were melted immediately after freosingn When the
frozen mixtirop were alLowed to stand fori tCree or Mor'e hours,
points were obtained on the upper liquJ.dus line. Becau.e a
phase diagram t' this type could also represent a transformation
in the solid state, an analytis of the solid phaue was made to
establish doainittily bhe existence of a compound. The upp,,r
liquidus Ilne, therefore, represents a utrble equilibrium
boetwon liquid and solid phases while the lower curve ipdieates
a motAstable equilibrium. Above a temperature or -47.3w0, the
compound NIt .OCHI o ann•t exisit, but decomposes into solid
hydrausins 1r4d 121vAnol. EBooause of the slow formation of this
oom1pound, equilibrium vas not always reached before the mixtures

weve ruoltod, and points on the euteotlo line between N2 114,0X3 OH
and NOH• 4 .20!i 3 011 were round tor mixtures containing less than 50
methanol.

The phase diagram for the system hydrasine-ethanol. was
determined largely trom freezing points obtained from oooling
curves. Those data are plotted in Figure 4. This syatom forms
one addition compound, .•.H e2 0 1160H, which has a melting point of
-31.200. The outectio between hydrahine and this compound contains
55'mole poeroont othanol and freoses at -33.700. The euteoble
botwoen ethanol and the compound, which coptains approximately

* 98 mole percent ethanol, f,'eesss at -mll7T• 0 Mixtures containing
more than 90 mole porcent ethanol. exhibited much excessive
oupureooltng that data in this region of the phase diagram were
obtat ed only with great ditticulty from cooling curves. The
usual methods for inducing aiystal isation, luch as producing
eold spots on the treesing-point sell, were Ineffective.

B3oth of these systems shoved a driftin• of the autectio line
tovaid lower temperatures as the mixtures beoame richeo in
hydrasine. Thin behavior vat rrcbably due to the frequent use
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of *:oellnl ctiryes for deteraination of the solidiflcatlon potat
of Lhe eutectic and to the supercooling which was atvtys obutervod.
AS the mixtures vocnae richer in hydrazlon, very 1.ittle of the
euteoti* mixture WaS left Whon final 3olidification took place,
and the mSit thfrmAl effect was insufficient to compensate for
the supercoolinz. For the slatem hydraalne-methanol, ro reliable
data could be obtained for the eutoctio between the ovipounds
N2 H,.2Cj30H &fKn 1I2 H)14-4 a 3OH.

The Work on both of these systemns was carried out using
substantially anhydrous materials. In actual practioe commercial,
products containing small amounts of water would be employed.
For this reason a portion of the ternary system h)drauina-
mothanow-vater yas investigated. Three series of experiments
wve• m~de in which tho ratio of hydrazine to Water was held
constant and the amount of added methanol vaw varied. The oon.-
centrations or Aquoous hydraz|i:o solutions enmployed were 96.2#
90.1, and 94.5 puaent. Absolute . nethauel vis edded In Inore-
monte to thono 1oL,•t.oua and mutinsg points were determined. The
data are Ipotted Ln Figuro 5. Although addition of rater gave
better freezing-point depression tljan with mothanol alone,
exoessive dilution or the hydras•no with both water and methanol
was requtied to reach low froeeing points.

The system hydrazino-n-propyl alcohol resembl.os the hydra-
zine-etlhnol system in exhibiting ono fairly weak addition
compound, N21.120UH7OH (Figure 6 . ThIs compound melts at -l.3°o.
and the eutectio outweon hydrazine and tho compound inelts at
-42.400. Attempts to freoose mixtures oontaining more than 94.8
percent n-propyl alcohol were dnoucoooauul. Glauses were formed
in this region nndr melting points of the mixtures oould not be
obtained. Investlatlon nf the system hydrazine-isopropyl
alcohol elno indicated the formation ofta 1:2 addition compound.
A second inrlection in the liquidus curve, however, was observed.
It has not yet boon determined whether. this infleotion in the
curve. represents an inverse peritectio or is due to formation
of a second compound. Pecausi of the high visoositz of the
mixtures at temperatures in the neighborhood of -75 0., efforts
to isulate and analyze the solid phase have not yet been success-
ful.

Hydrasitie and ellyl alcohol also fosm a l12 addition compound
(Fig•re 7). This compound molts at -68 C. The eutootio mixture
of hydrazino and compound contains 62 mol6 percent allyl alcohol
and solidifies at -69 0 C. At concentrations of more than 90 mole
portent allyl alcohol a series of glasses were formed when the
mi-ftures were cmoted. These mixtures did not crystallise even
on standing for long periods at low temperatures and efforts to

t00

.• (. CONFIDENTIAL

ISECURITY INFORMATION

. .........



SECURHY IWURMAiifIG

w

100

2?

0ow

0 0? 0

o.'amn.LvHJ3dWA3.L

101 SECURITY INFORMATION



SK..

lam
tvi

"I)

22

.. SECURITY INFORMATION
lOS Q~m

*1- •llt.]..I ,

A,



0

- t0

-20

-40

-40

-s0

-0

2-60

I-0

-10

.190

-100

-140
O 10 20 30 40 50 60 T0 60 9o 100

ALLYL ALCOHOL, MOLE PERGENTSECUR f~MATION

~ .lag

. few



-. ...,. V. U Ld. 'q , t:!,J 1 10,.1. I U 'L1'I 4 t LF( C~ tA &J%' QL V4; 01 ,'-, 0

S1,2 Bdi dand ohLWL alcohol which (rose at approx-
imitel7 -130*6. Theocomposition of the outeotlo mlxture lies
between 90 and 100 percent a&l1l alcohol.

Melting point-oemposition data for the system hydraszie-
propargly alcohol are plotted in Figure 8. The phase diagram
.ndicates the exietonou of two addition compounds,
N I? 1.HC1 C-CHOi and riH,.911C =_ C-CHGOiO, having molting pointsa -48.000, And -54.200., oetp10tivet?. 'he Sutectic botves#
hydrax:ne and the 1l: eompound melts at -49.20.while the
outeotie between the two compounds melts at -5030*, The third
euteotlo metts at approximatel7 -73.5 0, In this restom a great
deal of difficulty was experenoed In determining me ting pointe
because of the tindency of tha mixtures to form glasses. In
many oases three to four days of holding the solutions at low
temperatures were required to obtain orystallisation, When
mixtures having oomponitions in this region were melted, thb
points did not oonsistentll kal.L on a smooth curve. The data,
thertfore have some dogroe of unoertainty and part of the
curve ts Indicatod with a dotted line. In the area below tbe
1t1 addition ooppound a metastable portion or the tystem wos
found. The liquidus and euteotia lines for this region which
are shown in yigure 8 were obtained when the mixtures wore
frozen and thon melted immeriately. *If tho frosue solutions
were allowed to stand for a period of timoe warming curves gave
points on the upper stable liquidus curve. in a rew oases points
wroe found on both the stable a&d metastable curves. The m*ta-
stable euteoti2 between hydrauine and the 1i2 addition compound
molts at,-69.5uc.

PropargTy alcohol exhibits a stronger combining tendency
with hydraszie than any of the other alooho)ls which have been
inveitigated. A doefnite, though weak, 1:1 addition compound
ins formed between hydratine and propargyl alcohol. Such a
compound does not form between hydrasine and othanol, n-propjt
alcohol isopropyl aloohol, or a lyl aloohol. Although with
MethAno{ a 1l1 compound is formed, this compound Is extremely7
unstable, and hs an inoongruent melting point, i.e., the
Compound deoompses before the meltinh point is weaohed. Pro-
par•gl alcohol, like the other aloohols studied, also torms
a ti, addition compound. The mAxims in the liquidus curves of
this system are sharper however, indloating greater stability
of the addition compounas.
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Irw:.-. ..,:3 cx'3 r zt~r. a, ,. Lotted 'In PIj,,uro 9. ilia happ of thi
Liquidua curvo in aimilar to that obtalned with purified materials
but molting points are oomovhat lover. Thus, the first eutectio
molts at -51.0OC. instead nt -49.200. Thil mixture contains g55
weight percent propargyl alcohol and the molting point closely
approaches the temperature of -65010. ourrently specified for rocket
applioations. Because of compound formation, muoh larger amounts
of the alcohol must be addsid to depress further the froesin g
point. In'the region of the third outectio, rormiation of glass$es
again took place and data for this part of the curve a.uld not
be obtained.

Inasmuch as proparg I. alcohol Is a po entially userul rocket.
fuel., further work on olher properties of mixtures of thli
material with hydrains nmay prove to be profitable.

Fivo-aminotetrazole, beosuse of its acidic proporties, gave
a rapid depression of the irQeuing point of t~oome=*rial hydraoine.
This systom was difficult to study, howover, bocause of the
tendency of the mixtures to form lansss. Molting points were
determined over the rango 0 - 39.I paroont 5-aminotetrsoloo The
;ulcteoi compod of hldrAtine and the h4drazino alt of 5-amino-tetrazole mo ted at -3t),8C. and oiontulnod 32.8 percent hydrazine."

"Docautio the inciting notet of' tho autrictio van not asl owt as was
deslred, further work on this system was not carried out. Melting

Point-corapositton data .(vwright percent) for this system are
pl~otted In pigure 10.

A fairly extensivo irnvestigation of the system hydrazine
)itrate-vator-h drazine was made by thermal, analysis methods. In

order to plot Re complete ternary diagram, thermal analysis datawere required on n number of ternary mixtures, and on the three
binary systems making up the sides of the triangular diagram.
Tho.e binary systems were hydrasine nitrate-hydraizi.n, hydrazine-
water, and hydrauine nitrate-vater.

Moelting point-composition data for the syntem hydratuie
nitrate-hydrazine are shown in Pieure '.., The phass liegram,
Indicates the oxistence of one compound, hydrazinc nitratA
1-hydrasinate (Ni H No i.•2.Hj), melting at 3.000. The first
euteotic molts A 463c6d. 'and contains 47.5 percent hydrasine
nitrate. The oubootio betweon the compound and pure sait
contains 79 percent hydrazine nitrate and-solidifies at 2. °E.
The melting point of hydrazine nitrate, as determinod in this
Laboratory, was 70.700.
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. 1... ... oc1 agr a0'-t with thuuo of' -M'hr #And Audrl.ýt4)a 11211 and
Su•en•er IThe data glven in these papers, thoiofore, we0r used
In plotting the phase diagram given in thii report.

Work on the system hydriaine nitrate-vator also has been
reported previously. A phase diagram worked out by So,:iuhin(7)

indioa'ev that these compounds form a simple euteotia system.
Molting point oompoaition data deturminod during the present
Investigation d4ircr nlightly from those given by Spmihln OVer
tht range 0 - 7V percent hyd-rasine nitrate. Data at highoe
con ontrations a6e in fairly go0d"agreement, Molting point-
composition data from both studies are plotted in PigUre I.g

Points inside the ternary diaglaam were obtained from thermal
analysis data on th~eo-"osiponent mixtura. in moot of the vOrk
the ratio oa hydraumie to vater was held constant and the amou•t
of salt was varied. From these resulto, plane-ssotLon diagrams
were construoted in which melting points were plotted against
pernent of hydrasino nitrate, Other plane-,eotion diagrams eOre
constructed from data obtained from a series of mixtures in vhioh
the ratio aT hydraxLne to salt was hold constant and the amount
of vater •an varied. in a third serics of mixtures the ratio of
vAtor to, hydrarne nitrate was hold constant and the amount or
hydrazine wau varied. Data for plotting the iuother'is on the
triangular diagram were taken at five-degruo intervals frow the
plani-aoetion diagrams thus det'inrmined. The ternary' diagram is
show, in Figure 13. A photograph of a three-dimus lonal model
of this system is shown In Figure l•.

The phase diagram shove four Invariant points which are two
ternary outeatioe, a tervary peniteotio? and the solidification
point of the quasi-binary o :stem hydrazine nitrate 1-h draminate-
hyra•ine hydrate. At the ternary peritootto the reaction

Helt + N2115 03 X2 NAtW03'X2Nj1 -t H20

taLkes plaoe. Mixtures having compositions In ho partial•
triangle bounded by hydrasine nitrate 1-hydrasinate, hydrasine
nitrat, and water nomplote heirogOlidifioation on cooling at
the bornnTry peritootio point ('-5500.). Cooled mixtures having
compositions in the triangle boundod by hydrasine nitrate
l-hydrasinato, the poriteotic point, and water, have melt
remaining when the porit etic temperature Is reached. The
composition thou proceeds down the line to the tertiary otsoatio
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c:omposed of hydraaIno hbdoats, hydramlne nitrate 1-hydrazinatoj,
and Water, at which lo 0, mlete folidifiostloo t§icqs Place.

VAS tepera ore of Jig eo~te i is Appwozi~atelý .8~76c. ftrma -
or aocurate asitimtaot &letast as~sialbee N."Upuen In the
remainder of the dISga boAVO 1.0 to omplicated mannor of
a simpe tolMI,7 system.

compositions in the region Of the ternary euteatic aw*o5;ed
of b"Pdastne, hydrosise nitrate 1hydrasinato and hydresine
hydrate are of the soft interest flopm u.'l aPP11ioation. The
breake In the warning ounes of mixtures nearm this oubeatlo
Indicate a metting point ot approximately *64*0. in tb~o region
a number of l~ow-freeuming mixtures vay be formulated which containi
apprealable amounts of hyGresiue. no hydrasine nitr'ate osuean-
tration my be wane d from 1.5 - 30 pertoet and the water content
from 2.0 :528 perc ent to give solutions freesnia$ tn the neighbor-
hood of 50 0.

As a Part of an investigation of Iow-frecaing fuel mixtures
containing hyras laop base MIagramswer determined for bimary
systems of hyrast.. with an iliac, methanol$ ethanol, I.rop
aloohol, isopropy2. alcoohol, allyl alcohol, propar I ava"oho .and
5-4aminotstraso2.es ?he ternary system hydrasine 01rwate-water-
hydramine alsmo wasn investigated,

Anailine and hydrasine form assimpl I*euteotio systems The
euteoticamixture contains 1.7.3 weigh percent hydraline and
frees*$ at -35.600.

Xydwazine and methanol form tkhyee addition camploundas
N2Nii*Ot0N, 3214,2 IORq, and NA640SOE30I -1 latter two Melt
at .57.0 , an 16.00.~, respecti~vely# The compound
I3g*0EOHO has an Incongruent melting point and does not exist
above 0 7.300.

& partial. Investigation of the ternary systemn hbrue
metwaol-water Val carried out In the hydwanlne-amih region of
this system. Cousiderable dilution of the hydrasime was requaired
to prepare ueast mixtures having low freesia$ points.

Sthanol, j-prop'1 alcohol isopropyl alcohol and r.117.
alcohol all. ~Mood weakc addition oappounds with Wyrar-lad out-
taining two molss of aloehol pew note of hyrauime. in ali.
oases the lipildoc curve was not steeps AMC tow-tr9*hing comp-
sitions contained large amounts of the alcohol.
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The *05ten hydrsamnes-roparsp l aloohol was studled using
both puri ied and omwoeal. marl),. lhe phase daaefta'
Indicates thO tormatlon Of lit and LI dItion ompound., The
optiMOM fuel mlxtu for w this system from oommoero& mate•Lias
sppears to be one containlng 55 weig)t percent procrtyl. alcohol
an* having a treexlnd point of -51.0 0. because bhe Ii. dd lon
compound iP fairly stable, however, much lar or amounts of the
aloholo are requtred to depress furthe' the f:eesJng poin of
hydrasains.

Utable compound tortation ocours :otveen hydrazlne sod
5-amIno•e•tseol e and the liquidus curve of the phase diagram,
therefore, deseends rapidly. The euteoatl on the hydaastne side
of the system !ottins 32.B veight percent 5-amlnotetrasuolo and
nolldlfies at -36.w 0. when the mixtue is prepared from notmeroial
nmatevila I.

The phase dlagramo of the ternary mystem hydra.ine nitrate-
~ter-hydranine shows &the existerae o t•Vo ternary outetoies and

one ternary perlteoti•o. Tn the re4ti of the terl eutec
oomposed of hydv,•ene, hyd••rlne n tateo-h.. 'alnt C, and

hydrasine hydrate, low-frenslnji mixtures (-5 0.) nontalnlng
apprecalble amounts of hydraahso my be formulated.

(1) Penneman, R. A., and Audrieth, L. Po, "Qu•nti ative Determina-
ttion at Hydrauine," Ana.l. Ch~mo Vol, 20 (1949), pp. 1058-61.

(2) Welesberg|er,, A, Aand nroskaucr, 3., "Otpknio eol.ventu," ti.
bYT. A 1ev, London, Oxford Univore'ty Proes (1935), pp.

(3) •eone. Albert L•. and 0eenLee, Kenne•th g., "Pre"eatein and
PhysialC eonstanis ot Acetyelde Oompounds," AneOhemosoo., Jop
Vol. 67 (1945), pp. 48P-5.

(4) M4ohr, P. S. and Avirieta, loop* "'lb rrdaulne-W~tew System,"
J. ?ye. Colloid Ohm., VWl. 53 ( p9p9), pp. 901-

(5) M1I11, T.O.R. and Bumer, J.P.. "The Mressing Point Diagtam
of the lydrOaine-Water 87@tem " Explosiyes Re@earah anu
Doeelopment 2s6tblies ent, Wafthau Abbey, Xoex (November
19 ;9), ioport No. 433,n/9P Restrieted.

(6) Semishln, V. I., "Internal Frt•on and pusibility of he
System drasine-Waters" Ji Geo. Chen. (USM)s Vol. * (1938),
pp. 6•5-ol

"(7) .... , "Binary Systems of ftdrasne. IV# Thermal ADa1y7is of
Dinar Systems with Hdras ne," J. Oen. Ohem. (oUSU), Vol. 13,
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U0 Ll(qUIDi) USED A ItE.0ER A'1,VI, COOLANT

by
DaVid M. Mamoa

Jet Propulsion Laboratory
Clifornia Institute or Technology

"The thermal decomposition of hydraiine restric'4a the con-
ditions under which this oompound can be ieud ae d re'onerativ*

oonlent. It van necessary to obtain ensinoering data o0% th•o
behavior of hydrazine at elevated temperatur'es so an to find
the conditions that mini ipzo thin troubleaomo doo wpomltione
Yor this purpose a stud7 of the rate of thermsl deCompoSition
of commerocial liquid h2drazino has been mtqdo in the to.eporatur,
range from 120 to 5000p by a ion urointt of the rate otr
pressure rinmu with time in oloLI prussure vensels containing
hydrazine." There Is evidenc- tlit both Saa- And liqtdd-phase
dooomponitioa ouur, although under tho ooudIttons of the
present tolts tahe rMcte-Controllinf 1e6aCtlon appfatrv to be.-a
hetorogeneous gam-phasue tevotion. The uiaohalum of the do--
ioo|position prooess hat not boen omntbliahod in the ongisifEerlg
teits. The orktalytio offocl on th, rato of decomponition of
various surwfoon likely to be enoountored in praotical appllca-
tiona was tootod. OlAisa, steel& lO^G and 4130, atainleee
ateels 303-A, 304, 34•, and 502, tron, oopper, and alumi.n'ai
25-0 and 234-T3, with variouno rtnfao• *oaditions, vero awOng
the materials tested. It woo found that otbdritum plating of the
metal surfaoo, when 0.5 to 1.0 weight par cent of oadmium
acetate Was dioeolved in the liquid hydrazine, has a naurlred
iDhibiting effoot lai the rate of thermal docomposition. Toots
of roeklit vtore employing hydr)zino as a regenerative coolant
were made with fuming nitric aoid as an oxidant.

1 Thin paper presonta the re.ult: of one phase of researah
oarrfed out nAt the Jet Propulnion Lnboratoi'y, California
Institute of Thohnology, under Contraot No. LA-0OI-495-Ord 18,
sponsored by the Department of the Army, Ordnance Corps.
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In rocket motors It is deairable to obtAin an Incfrease ir
.hormodynamO offioieony by uuiAg the iiquid-proepollant stream

am the coolant vhich is required for the motor. Whiere highly
corrosive liquids ouch as fuwtng nitric acid are employed an
oxdant, It Mal be more practical to use the losa corrosive
liquid fuel In this prooess of regenerative coolIng. With
h 4rasine, hoveve', regonoratLve cooling is subpcot to limits-
tjons due to the .nhswernt thermal Instability or thiA compound.
Ibagineering test were made of the rate of change of preseure
vith Ltie In liquid hydrazine contained in olcled stainlees-
stes4 vessels under Isothormal conditions in the templeratu•e
ftj.,4l t20 to 00o•o1 also rooert motors were tooted vith
fesonerAtive cooling usit; hydrasine. Under these conditions
te everall reaction appersa to be desoribed by a combination
6f tvo uepal'At, stoiahioacteto expr•ssions:

N2E4--#N2 +k82(2)

X.abai~ tqicaabo (1) &ad B

Vheria repreopisib numbor of omlos ef Aldrasine AM*Leb deaompeoe
&do..e-iarp to 1ýqivtiori (2) p~ i 3 moles of hyduaskao whisk
4e00e as- ,orr liga to rqu.LIoN (1).

HiS,'m 'nd Taylor (Of. Hof, 1) &Ad Aekor (fr. Ref. 3)
, ! thez~ml dir'~ofoaoltioo In the vaple phaMs in the

plft5eee f- aahh of the th l loving laterialat Ppl's3, plAttn1
ago tungmt,-, and foundk that a h)iteraeneous roastios, filer
ordeir ",tt, repect to %X4, occurred in the poexenee o•f 140,
i.;tVir only Pull and Xu am • podugt acoordi" to RquatlenI)I

a tIe prop'n , of plttiniiA and tungsten., U It an4 W ve2 "re
p*'oducrts io that both roeactions (1) and (2) e41ried to Seame
eoteat, ilvaro (of. Ruf. 3) attempted to mitesure the ho-
eeniliu Ra-s•)hse, throt-sr4eip r-astion In the peareeun of
t Ampne voee w and found tinder these conditions &n activatie
etiiiray of 60 kcal/ol for the rcaotion. PAnratty et a&I (O. '
Rot.A) round thata heteroigcneoue da4-phae reaction on i1anl
poceeded by a first-order machanidm with an activation oem wS

IWhis work was performed at the let Propulsion Laboretory by
nthonmB SA1lo, :P., A. P. rtant, Jr., D. N. Oriffin, and
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of 15.7 anj 9., kcal/mol f'or nurfaoo-to-volume ratios of 2.5
and 18 om" respeotively. Tantar (Of. Ref. 5)0 Purgotti
(of. Ret. 61, and Outbier (Cf. Rer. 7) studied. the decomposition
of hy4razine In the liquid phase under various conditions.
Kinetio mechanisms for the thermal-deoomposition reaction are
described in Vleterences 1 through 7. An excellent survey of
the heomIstry of hydrazine is given by Audrieth and Ogg (Cf.
not. 8).

Rau.lment and Rethgs.

Stainless steel, type 3117 containing approximately 18
per cent by'veight chromium and 8 per cent by weight nickel
van used as the material of oonstruotion for the cylindrical
pressure vessels used in the engineering tests. C lindriiol
vessels of two sines, 20 and '6 ml, were u•sed .n the tests. The
ratio of the surfaoe of the cylindrioal yesel to the volume of
liquid contained was about 14 and 10 om" for the 20- and M6-a
bombs respectively. To determine the specific catalytic
eated of other solid materials, pieces of the part cular
material to be tested were added to the bomb. In some eases
the material was immersed in the liquid phasej in other oases
the inatrlial was exposed to the gau phase. Pressure was
measured by moe.ns of a conventional Bourdon-typo gage. Pressure
from the test system was transmitted to the prou ure &age by
capillary tubing filled with mineral oil. A preseure-release
disk was provided In the hydraulio usytem in case an explosive
rate of decomposition was encountered, The capillary tubing was
Jolned at the top of the preoanure vessel by means of an appro-
priate fitting-.. The entire tubig van afilled with oil, care
being taken to avoid contaminating the vessel with oil.

To koep the vessel and its contents at constant tempera-
ture, a bath filled with a lov-malting all•o Oerobend, was
used at elevated temperatoires, and an oil bath was used at low
toemeratures. Suitable heaters and control circuits were used
to maintain isothermal oonditiozus to within plus or minus 5OF
in the bath. A thermuooouple was placed in a thermocouple well
made of stainless-steol tubing type 347, located inside the
pressure vessel for the purpose of measur'ing the temperature
or the contents of the vessel.

The bomb was filled at room temperature to ouch a level
vith compereial liquid hydrazine that the desired ullase
renultedA. The primary Impurity of this material Vas j to

1 The term ullage refer. to the total volume of the gas phase
relative to the total volume of the system and in this paper
is expressed in per cent. 118
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I per cent water vith traces of aawsonla present. The hydreulie
lines werse then attached to the vessel at atmoupherlo pressure.
The vessel and Its contents were immersed In the preheated
oonstant-temperature bath. Pressure readings vyre recorded as
a funotioa or time, the or1•in for the tiae coor4inate, being
taken vhen the temperaturue indicated by the theraooouple
Inside the vessel atproaohed that of te surrowundi batho .
Pressure measuromen a with a precision of about I per oet vaen
made up to 2000 pal& before being disoontinued.

The stolchiomtry of the "eaction vas quantlt~atvelVY
tostod from the volumetrio beh•iior of the produots In the asl
1gasu, and it app~ear that roeoition (2) oscouts to so0e exteat
under the conditiona of the expqrimeata. Only the pressure in
the sj'tem (not the aompo.oi.bion) was measured as a function of
tiMej thus no meoMnhsm i'or the kinetics can be offered from
Sthor experiments without resorting to certain assumptions.
Measurements vare made over a wide range of temperatureS so
that an apparent Aotivation energy tfo the reaction could be
obtained. It was assumed that physical equilibrium betweenthe phases vq esetablished rapid~ly viA• resecto to tha rate of

thorml deoompoeAtion, Possiboe darterenoes in the volubilities
of the gaseous produatu in the liquid phase due to changes in
conditions of the exporimonts vere not compensated In the
reported rates of pressure rise.

Conivenu.onal rooket-motor tests v;" performed using
hydrAmine an a regenerative Coolant. Fuming nitric -%aid
containing 0 weight per Cent O(2 was used as an oxidant.
Details of the roeket-motor Lnstallatlon ale presented in

In Figure I Ara soi.. typical curves of pressure as a

function if time for aeveral temperatures In tha ran Y 375 to
g49O• for a staless-steel type 3547 bomb srth *I@anod suf•*ae.

Thene measuraeente vere made at an ullase of about 60 per sent.
In. another not of separate measurements the ullage was varied
botvoen P0 and 80 per cent at about 3150F, and there was no
loanurnble ohange in the rate of Initial preseure wise'vith
time. Thaso results suggest that hydrasieto decomposition
occurs predominantly In gwas phase. With physical equilibriutm
constantly provailing betoeen the phases, the partial pressum
of hydrazine in the gas phase is relatively constant iwrespeasrve
of ullage. It would, therefore, be expocted that the rate of

CONFIDENTIAL

~ '4 SECURITY ]INF'ORMATION
"..!. +ato "F .. wo I w I" O

.,7

- . ....



- ~SECURITY INFORMATION

- I - - - - - - - -1201

q~~- lip 1~ -9 1 P -R



decompositilon in the gai phase vould be independent or unleae,
as appears to be the caee. On the cbhez hand, if deoomponition
of hydrazine in the liquid phase vere predominant, It would be
exrncted that the rate of pressure rise with tiae in the system
vould be proportional to tha rePat'Ivo asuomt of liquid phase
pesent and Vould decrease vith an Increase in ulla~s. Suoh
behavior yas not masurable, and therefore it appears in the
present set ot noasuremAts that the SAs-phase de oompo•ition 18
eontrolling,

Zn Figure 2 are plotted on a logarithaio soale values ot
dp/dt, the Initial rate of.ohanp of pressure vith time vs the
rociprocal of the absolute temperature over the approximate
temperaturo range 300 to 50001. One met of these measuremeats
was nude in the staireoss-stoel type 347 vessel. The other
set vai mardo Lu a stainless-steel bomb which was plated with
oadutum, and 0,5 veight percent oadftia acetate was addod to the
hydrazine. Thea- rate data, plotted in Figure q, are obtained
by toking the initial slopes of ourves such as those shown In
Pigure 1. It in evident from the data in, Pigurs• that A
linear ralationnhip exists betveen ln(dp/dt) and the reoipooal
of the absolute temperature.' uoh a we2ationship is in accord
with the Arrhonius expression for the efeoat of teo raturd on
renatiotm rattgo Ld also in In acord.A with the Glaumus~u-
O1ipeyron equation for Lhe effeot of temperature on vapor
t reusur&, The slopes o the 'lAnes in Pigure 2 give an energy

ormr which includes the heat at vaporisation ot hydrasine
according to the Qlausius-Olapeyron equation if the gas-phase
renrtion is contolling. Prom the slope of Figure 2 the
euorgy ter has a valpu of 18.2 koal/mol. for tile unpiated

ovemsel and 25.5 kcal,'Aol for the oadmium-plated vessel. .b-
trmoting from these values the latent heat of vaporization for
hydrAiine at l.5 0 C of 10 kcoal/mol (Uf, Ref. 8) assumed to be
constant over the temperature 0range covered in Figure 2 one
obtains 8.2 and 15.5 koal/mol for the energy of aetivation
without and vith cadmiumA, reueotivovell* The effeot of cadmium
on the system thus is to raine the activation energy. Thee
valuen of the aotivation energy for a surface-to-volume ratio
of 14 om- 4 are in the same range as the data of Hanratty at al
1Of. Hef. 4), previously mentioned.

The Qatalytio offset of various surfaces on the deoomposi-
tion of hydra.zineoAs depieted in Table Z. The initial pressure
rise with time dp/dt is given for temporatures in the proximity
of 4000P. In the column marked R, values of the relative rate
of change of pressure with time ptir square inch of murface of
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designated MatIal added to the gao pihase are tabulated. To
ealuulate values of R the value of dp/dt for hydrauine in the
stainliss-steel type 347 vesnel vithout added w. tersal is
subtraoted rrom the overall rate obnerved In. the prosenoe of
added matorlal# and the result•.n not Value of rato Of prsessre
rise in divided by the areA of the surface ot added material
exposed. Zn the aolumn marked R/H vYluos of the relatils
pressure rise par unit tima per unft area for varlfts materils•
relative to. glass P 0 9 .,9 ps•s/•n eq in, are given. it Is
evident tr•oa a 0oo ion of tests 11 4 b• ,s, is 20, 22,nd
25 with tente 10# i, 1,7,. 19, 21 and 24 In TAble Z that, the

"•metals with o7cidlued suriaoes Catal ys te deeompositien
Aoaetion more extensively than do nutale vith clean trnoxidi|ed

sufanos. AluwLnw• alloys aind copper appseas to catalyse the
roeuotion less than 0o the nateel &13 oys, except stinlees stoeels
types 3O3-A And )04, vwhih oatalyze the reaction to approximately
the same degree as do alw &ninuni alloys and copper%

It is evident from tests 6 and 7 In Table I that the. rat*

of thermal decomposit'an o1f hydrasine in ma.rkedly inhibited
either by oAdmitum plating of the sufacoe of the pressure vessel
or by the presenoe of. oadati= hydroxide dissolvod in the liquid
phase of hydraa.ino. The effect of ca•tium platiag of the
vessel and of the addItion of cadmium aoetate to the solution
Is shown In Pigures 2 and )o In Fisure 3 is ahoven quatztitatively
the offeot of various mnoiunts of Cd (Ac)g * HO 2% an additive
to hydrasine on the tn. of pressure rise at 5•0l5 In the
etaunless-steol type 347 teot vessel, It is seen that from
0.5 to 1.0 per cent b- ve±aht or nad•i•mia acetate hydrate
efteotivoly loaers the initial deoomiotion rate about twelve
fold over the kate vhon no additive v present. The mochaniso
by which cadmium, either in solution or plated on the vesselvall. aote as an Inftibitor has not besen e-stab•liahsd,

Tetraethy lead, lead autate, and liquid meauro were
added in quantties of about 25 gm/titer to the liquid phase,
dnd none of these additives measurably affected the decomposition.
1_ 804 and KOH added to the liquid phase appear to cataly•. the
deoompo sition. To lover the fresaing pOint of hydravine naitr•i
said Is sOjotImee added to give hydrasine nitrate. in Ptgure
is shovn the donmpositton rate an a function of weight per
sent HN0• toz- hydrazIne containing 0.5 veight per cent oasdaiu

acetate Ittred at 1200F. The effect of H303 In Inoreasing the
decomposition rate precludes the presence or this additive In
hydrasine used for regenerative cooling* The efreot of added
120 on the rate of decoaposition at 450oF is also shown In
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Figure 4, and It Is evident that 1 0 AhlblitU this rate slightly.
IM01 is found to cstalyze the decomaosition amore markedly than
do the other aolda and this bnhavlor suggests that chloride
Is a specific catalyst. From test 8 in Tablo i V thi Inlffectlvs-
neis or cadlium chioride in inhibiting the deooapoei-ton,
conpared with the other cadmium salts, may be due t this
catalytic effoat of chloride.

Rocket motors were regeneratIvely cooled un.ing hydrazine,
and some seventy-five oeigineerirg, testi were ^&de. Fuming
Aitsri acid containIiis 6 1/2 weight per seat X02 vas used as
oxidizer. The coollng passages of the motor were made of care-
fully cleaned atainleus-atel 347 tubinj for most of the testo,
and a limited niuber or tests va, made with copper and steel
I0M0 as cooling passage3. A motor with sta•.nless-veool ý47
eooling coils and & ohar~cterlatla length L! or AI inches was
suceaufully cooled rogtneratively with hydrazine over a rangi
"of chamber presoure from 1.78 to 412 psia, and A m-Inote having a
value of VO of l Inaches .ii operated over a rango of chambur
proesure foid 1C6 to 430 1,sla, The njaximuu bulk temperatu•e of
the coolant hydrAtine entoritig the injector was 38o0. When
stanlcess-mteol 317 tubtng was uoed 'in the cooling pasaies, '
no explosions occurrod d1iring regenerative cooling with hydrasine
either vith or vithout a comb~iation of cadmium plating of the
steel and the preoence of cidniium salts i,% the hydrazine.
Itowevor, ao.re had to be taken to eliminate regions in the cooling
•parsages whore hydrazine could stagnate and overheat. With
copper or steel 1020 cooling passages, failures ocourred.

The performance obtained with motors regeneratively cooled
with hydrazine was higher thAn expeoted, and the gain In per'-
formance was greater t•hAn 7ovld be accounted for by the increase
in :•onsiblo heat of the Inccming hydrasine. This incrase iIn
perfor.manoe As attributed to increased rates ot combustion
ratcutlng from irijootion of hunted hydrazine into the motor.
Complete details of the roeults of these rooket teats are
p~'eented by Briglio (Of. Ref. 9).
0pn~l u sions

As a rugenerativo coolant, hydrazine in liable to excessive
decowpoi•iton on oxidized metallie surfaces. Even on clean
metal surfaces the decomposiition rate ]a high enough at elevated
tempernturos to bu Intolerable. Aluminum alloya 23-0 and 2 43-T3
and copper are superior to steels i0r.0 and 4130, stainless
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steels. 84and 501, and iron, Rovevr, sstainless steels 303-Aend 3 are oomparable to the aluxanum a11o7a and copper in
thIs respect. It is recommenoce that all metal surfaces

. exposed to the hydrAtinee be plated vith oadnm"i and tUat from0.• to 1.0e oenr t or Cd(*)* 2NO be added to the 11 uqlphase to 21nludze thermal deoomposition of hydrazine dt'n=8 the' process or regenerattve 0ooo11..

!*1
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1(OH PRISSURS TMMAL DECOMPOSITIOX
OF HXDAZIN.I .,

'by

R. L. Vohrli and X. X, Olson
Reaction Motors, 10O,P'osented by M. Olson ...

UMder sponvorship of the Navy Bureau of AeOonauti .
Reaction Motors, Ina. is ourrently developing a liquid pro-
pellant poverplant to operate aizoraft oataptlts. Tvo model
pOver.plants have thus far been conatruoted and launolhng tests
with a slotted tube catapult have been suoessf•lly oompleted.

The oatapult poverplants rely upon high proesurvw combus-
tiob or deoompooition of livqd propellant. for the oontilnuou
produotion of lurgo quantities of gas. This gas is then
admitted directly into a oataul4t tubs, whore it does vork
agyinst a sliding piston vhiah is onoeoaed to the plane or
misail* to be launohed.

Although these powerplants were origivally designed for$
and are presently muooosmull' operated with gasoline and
liquid oxygen, temperatulrn and control problems foroed oo|sid-
eration of oth-z propellan0 t 0ooAbnations. Sinoe theme ad
other problems could be avoided through the itse of diiermenb
roaotarts, a supplementar7 oatapult propellant investization
was initiated. In this now program high pressure laboratory
toet apparatus was ounstruoted and combustion and deoomposi-
tion experiments were made vith a variety of propellants.

The high pressure apparatus and the deoompos Ion tests with•. anhydrous hydrazine are the subjerts of this presentatioe.

In order to quality for oatapult use a monopropellant must
lend itself to sthble, etffcient, continuous decomposition
without the aid of a oatalyst. Therefore, it was necessar
to study means of initiating and sustaining controlled thermal
deoomposltion of anhydrous hydrazine over a ra.goe of operatIng
pressures. The pressure vange selecatm van 2000 to 10,000 psi.

Absence of a catalyst was specified to avoid the use of
a seoond propellant material which vould oomplicate oatapnlt
operation and propellant supply, and also to avoid the aoowuu-

Y lati.on of residue in a oatapult tube. Furthermore, previous
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_expgorlent vith othor monopropollant , eg., ethylene oxide
and -,'h_"ogejn peroxide, lid aMread; demorlstraced the simplioit7
ar,, t ,. 'enoy possible vith high pressure therma1 decomposition

,': It van hoped that test runs or two to three
minutes duration would be possible and in romewsases re
a11 oe the h drasume tests were of approximately one SO1NUeG
duration. TRe roeadt of efrIcieno7 ya to be determino• through
aocurate measurement propellant tfov rate and chamber
pressure. Verous tehbniquqes fow starting the deoocmpostito•.
reaction were also to be studied.

Some of the problems peculiar to th's high pressure p

operAtion were: tile design and the f•trbiation of the chambers
the problem oeI njeoting the propellants against high reaction
pr~slures and the handling of the rather heavy assembly.

After careful atudy of the propellant i•jehtlon.probltm
J.t yVa deoided that the controlled vapo.l.sation or liquid
nitroen and, liquid oxmgea in evaporatorr Vas the uitplest
means of generating the presour:itng gas at the pressures
neo'u+uary for injeoting the'propellant3a, Ths approach
eliminated the n.ged for high pressure .1lding senals, Saturable
reactors (O-Lo0VA), visible on the rig•t (Figure X) yere procured
to provide the eleotrioal power, needed fur invuerenon eoi..
heaters, These heaters were placed in the evaporators whi•h
were enclosed in the large Deviro seen In the center of the
pioture. The evaporator pressure was read trom the safety of
the test Instrumentation rooms with the Bourdon Gauges
(top center) by means of a telescope. The smAll gontainer
on the leftie ore of th, ptoyeleant tanks, Theme tkson of
I liter capacity were of m ainless stool with a one end one
I:uarter inoh -wal and a modified high pressure Bridgman seal

l n Pou ure I a portion ofa test car designed to handleSthe vaporization asaembl! to visible. This teat oart, con-
I, e~trueted of' one hal Iroh steel plite mountedI on heavyr duty

Oastore madet It posi/ble to easily move the assembly In the'
labar&tory and in the test eell. Thl evaporative, propellants$
tanks, high pressure valvos, fittings and tubing, all delped
for a 15,000 psi worlciP pressure, &nd the electrical reactors
totalled approximatoly 2000 lb.

The evaporator vessels (1 liter capacity) Is) which the
electrical heating colls Vere Immeseed are shown in Figure XX.
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These vessels are also of stainless ateel having the same vall
thionoss, and a moditied B1idgman ceal afosure. They yorepurchased from Autoclave XnMineor~nSIn* X, of Xreo Pen0871ftnia.
Zn praotiae pressuree of from 19,00 000 a yowere senerad
in ?hase evaporators within five misutes ate r t power was ton
O3.

The basic h7drasine decomposition chamber to shown to
Figure IIZ. The olo4ureo contain threaded steel pluzs which
weae machined to provide various Injector and exhaust nossle
configurations depending on the propellant or propellant 0oo-
bination being tested.

Various liners war- used In the program but for the hydras8he
tests liners of eithor zirconium dioxide or carbon were used. fto
liners vere used not only to protect the ohate'r and out down
heot loss but also to eliminate catalytic effects atthe 'steel
walls,

As shown in Figure IZI provision was ,mde for preheAting
the chamber vith an Igniter device. 1Wrazine was introduced
Into the chamOer onl7 after the chamber temperature reached r
approximnteI7 1200wP. Precautions wvea taken to m'ike certain
the chamber was. saufilestly preheated since In one of the
early testi, an overlong Induction period caused by nonunitorm
preheot reoulted In. A hard start - sufficiont to distort the
one and ono-fourth inch chamber vail.

The following brief discussion of the operating procedures
is based on Figure IV (Schematic or High Pressure Supply System).
Although both a fuel and oxidiaer sysotem are shown, only one haLf
of It is used for tests with monopropsllants, The Intarmediate
Utan9 in Lhe fuel system was supplied with liqu~d nitrogen directly
from the liquid nitrogen reserVoir. This nitre-gen was then foroe4
Into the evaporator by gas preoeure generated in the intermediate
tank through the action or an exchanger coil. when the evaporator
was full at evidenced by the escape of liquid nitrogen through
the vent valve the nystem was coaLed and pernonnel were cleared
from the teat cell. The relainder of the operation was remotely
controlled.

The propellant restriction valve (Io. a) vas opened which
permitted prousurising of the aatoam to the pr6pellant metering
valve (No. 9). At this stage tho power switches vwer closed
and the po'ker input to the iweralon coil in the evaporator
adjusted by means of a variae. Within several minutes a 12,000
to 1,000 psi gas pressure was built up. When the desired
pressure was reached, a hydrogen-oxygen igniter vas turned o8
for about 30 seeonds, thereby preheatIng the chamber to 1•000P.
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At this point the hydrauine was introduoed. into the ohaebeOr by
opeAng the on-ofr quick acting valve (No. 1) and metering VSe
No. 2. The teot run continued vith the hahubev presmsre con-
trolled through tuel metering. All of the hydramine test runs
Veyroi of about sixty seconde duration, liuate both by the fuel.
supply and evapworao preseso, The run was terminated by
losing the quiok acting vat o (No I) and 1iaultaneouhl

opening the blow down valve (o. 13).

A @*Vies of twventywaess taet runs wVre s~ooeassultlcompleted vwth '.41draine in the chamber poessure kanle o0 from
2 000 to 10,000 psi. Chamber pressure asasuremoots were made
with commoialt stain gau e transducers and a ,elf-balanoilb
potentitoieter (+ 1.50). toall Oaseo@ smooth, *ontivouu con-
rolled dooompoeition, thermally ihitiated, was achieved.

Time versus •ohaen ber pressure rcoords of three test -'uns
are shmn in PFigures V and Vi Thbese typical results IllustrAte
both the rapid oMmber pressure build-Up a4d the chamber pres-
our" contro achieved by the metered hydraialne flow control.
Plows were measured by moans or a lotter rotating vane flow-
meter and a Brunh typo GaUtinolooetx recourdr. %he overall n1o.
measurement accuracy van ± 1.5%. A hMob prebssre housing was
devised for the rotating vane element and repeated flow oalibra-
tion Indicated that the volumetrio flow measurements were
Independent of density and pressure.

The intent me this study yar not only to malntain decomponi-
tion at those high pr'essures but also to obtain PeSatiVo pe-

r,'tcannoe •ata. gonoequentilo the reatriotive oxhaut oile
was oae:rully measured and the performance vie based on
obaraoterirtio exhAuut velocities# 0* de•thed in the following
equations

P hAti.
•p-

"Yoh chamber pressure, psia
5 = gravitational a anatant, 386.4 in/seal
At S throat are&, it
WV Total propellant rlow lb/eoo

' •videnstl little gas generation performauoe advantage io
gained by operating at prenurosn above about 6000 psi since a
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R1ESTRICTED -.
50$ inoreaee In ohamber pressure at this point results In Only1
a 3 n Inarese 00. Mhe particular value of theou data liu
"in their use for comparative purposes with other propellantso
For examples, data colleoted In the inventigation shoy that C*
for ethylene oxide urier the same oonditions in about 6% higher
than that for hydrazine.

in conclusion,, It should be euphasuled ,

(1) That controlled therMAl deeocapoe6sttIon of hyd Alne hMS
been demonstrated In the pre~sure range 1500 to 10,000 pole
Deoomposition below 1500 ps1 becomes more critical.. No apparent
serious problems confront ewtalnod thermAl deoomposlition at
evne higher pressures,

(2) Chamber p•e•heating, either by electrical ro'.iota2•n,
eleMents or vith a 'gas torc1h It extremely depen'dable for
initiating the deoomp ,ssItion or anhyrous dr.•Ir•eus*. Nan .
toots charaoterised by smooth starts and good control demon-str,•tod this,"

(3) At elevated preMBurea, chambor and Injector contigura-
t/o-a boowe less oitical And conooqua2t17 good pesrfoZaa3S
can be achieved vith very simple devloes.

It the opInion or the authors, operation $n the high
opesooure o ealm ofel'rs Many advantales In minisaturiuation of
othervide heavy duty equipment, because or the development '
of high pressure sli dl n neal poresent high pressure apparatus
aan be greatly slmplifi . by uubtituting psteon eeod units for
evapoA tone. The authonr balluve tlAt valuable Information has
bean obtained and toohnlues a4cquired through these studies i n
this relativel~y u 6xeminL4 aria. However, additional studies
should be conducted, partioultaly on fast starting techniques
&ad a0talytia effeot aIn the higher pressure ranges*
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CV)NI D TIZ AL
DTrCOmrPOSITION PATES OF tIYDRAZINE AIM HYYDRAZ TYF NXTRATE

0OLUTIONS AT HIGH PRF.4308E I

I " by

ST. L. Thompson I
Redel Inoorporate4

The employment of hydrazine as a pz'opeolaat in liquid pro-
.ellant guns is an important f'aatov in the oonsider&tion of thin
chozmical. Potentially, large tonnages of hydrasine may be con-
atuqed in thin mannei' and in the presaeit development bhuse of the
liquid prorellant gurz pro,.,ram, many faaetu of Iniovledgo of
hyrdazine, its properties, ad its reactions ore being broueht to
ligh•t. The Services hmve a wall inteormted plan of research and
development vhinh is boing carrie d ott at varioets univeorities,
Sor'vice laboratories, &nd p•ivate. Vfi'ies. As n part of this
effort, Redel' Incorporated Is inveiti tating the vY-i.ation of
3koaction rates ol' hydrazine propgllant oolut .ona with vide
differences of nondltJ.oAN suoh ac prembure and temperature. Tho
knowlsdge or hhose eactioun rates Is important in the design and
dovelopment of the gurus as it Vill allow mnximum energy release
feor propulsi.ont without exoneding tha strength limits of the
barrel und will a.ijv•r aapid eyal.ng of propFllant loading vithout
cartridge eaesa. The fN1 advait3go of liquid propellants can
not be utilizod unle3s the w.ouction in the chamber is underz
control at all times,.

The progz"•m of ±i•vm.tigation !nitiL~ly calls for the
determination of .roatiin rates for pressure variations from
Atmospheric to 30,000 psi', for nolutiuns of hydrazine - hydrazine
nitxrate - water. The compositiona under test at present range
from sra~ght oc~ae.ioial hydrarl.no to a solution of hydrazine
uaturated wil.l, hydrazine nitr&te - approx.I~mateiy 85% hydrazine
nitr'ate by wol •at.

The apparatua in which the rato determinations are made
ooiwi.sts of a glass tube with fine burnout wires sealed in at

ineh intervalm. The propellaut is ignitod by an aleatrical
squib. Au the reo,.tton of the propellant proceeds, the reacting
level dropsa, the fine vires brrn out and cause a step in an
oesillosocpo uweep to indicate the time at which each vire
broakr. Th'e appurltuW Is pocitioned in a 200 co bomb and preas3r-
I.Pfd with nitrogen to the doeircd pr6ssure.

COMN D1 NTDAL
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CONFIDENTIAL
Ignition coul.d not be attained with MWkc squib with hydratins

alone or the usual gun propellant componitiono at pressures up to
2000 psi. Tests were then started with solutior.s very riah in
hydrazine nit-rate. It was found that liquid monopropellants
were like oolid powders in that below Dome "oritical ' pressure
for each composition, the reaction oeadid.-

The Pigure illustrates the relationsltip between reaotion.
rates and pressure for a nuniber of propellant compositions.
This graph is plutted as the log of rate in inmhus per second

aaina the log ol1 preosure in pounda por square inch. Ther ope ,?f the lines in therefor*e the exp~nent "n" in the expreusion
oP . This exproalan isn the aimplif,.ed vork-hormi relationship

used In burning rate calculations for solid' propellAnts,

It is of interest to note that "n" for zolid rocket pro-
pellante is In the range of 0.70 to 0.85 and ior solid Sun
propellants In the range of. 0.70 to 1,11.

Values of "n" for the hydrrazine compositions, have been
measured to follows

* N2H41mN03 i21 2

* 85 15 2.36 .
80 20 2.83

* 70 30 2.8

60 4o 2.51
S50 50 '•

* The breaka in the uurves are of great interest. Breaks are
noticeable in the 70-30 curve, the 60-40 and the 50-50 peroent
curves. When the broak oocurs, the exponent "n" or the elope
drops from 2.68 to ,P6 for the 70-30 curve and frrui 2.51 to
1.02 for the 60-40 curve. The breaks occur at decreasing rate '
values for the dderuoaing nitrate peroentage solutions. There
wou1r seem to be a oorrelation between oompoaition and the
occurrenoe of the bre-uk. Tests vill ta made above 30,000 psi it%
th" future to detenitn• if other breaks occur i-a the curves.7utare Lu•s• will aif.o be made at other temperatures.

The 80% nitrate - 20% hydrazine solution doss not exhibit"2 a break at the high end of tho curve. It rime up to a rate ot

300 inohes per seoond at 5000 psi, enters a region of poor
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raprodualbility and a;bove 8000 pal, detonations occur. With
the 80% nit rate Polution a break does oocur at the lover end of
the curve. The slope of the displaced segment In almost the
sm. e as the main curv0. Belov the' •te of 1.15 inches poe
oeaond At 1100 pai, the reaotin vill not continue. This bPOaUk , ,
is believed to oorreipond to braks in reaction rate - Pro@8esure
curves of other monopropellAnts found br Whittaker ar.d others At
the Naval Ordz.anos Test Station. Their work shoVed a number or
zmonopropellant oompositionsj for example,. a mixture rf 2 nitro"

ropan-i and uit'io toid, hud breaks 4n the region ot 0.) to 1.5 :1
Achenos per seoo.d.. These breaks are believed to be maiRlY .

.ohv.oftl In nature, probmbly the ovide•oo of a change of roootiOtn
aimechanisms or proceosi,. Physical paramaoters such as the tube
diamotor, tube soopoaition, fluid visocaity, may very the bose-
tion of the b oak but ara ••L roupunsible for its e:tnstence. ThA
obhve Polut-Lona on the graph do not rweaot in Lthie rate range And
ao the possible breaks aze mauked.

In discussing *harige in reaotion muechanieme it would be
well to oexaine the work or Dr. Adams o• Waltham Abbey, Endland,
*Ir. Adams ignited oommercial hydrazine in a glans tube by means
of a hot wire. The tests wore conduoted in equipmoAt vh•.riea
Itho preesare could be variod. Dr. Adiamsdot mIned' ivaetion
rato - pressure rlatioas for aever'al .aoopoutuitiua or kydraslles
axid vwter. Thens rates vare 0,00o to 0,0 S"nohea pox'seoond, a
vary lo rang., vhen c•po•en'd to the rate of P to 300 inches per
weooad of the high nitrate jolutiona.

Dx'. Adams reported that as tho preusure vas inor::eedj the
re~aaion rate inoreased towards a maximuih 1.mt but above 10
at: (150 psi) or up to 30 atm, for soma compositions, the repro-, duolb.•llty got bad, th* reaotion rate was no longer proportona2

i, to preoa•l and above a orl ticatl p reausueo the reaction was
extinguished. Our laboratory• ran stmtla.,- tes~e and obtained

results idonti.oal. with Dr. Adams.

It is of interest that Dr. Adam, got suoocosoul tents fr.m
atmospherio pronaure to a inaximius of 450 pal. giving very lo0
reaotion, rates whereas our laboratory started with hioher
proesure. working down t,: k050 psi for, one solution with other
oomposittone having muoh highor or.tUiual pressures. In between
these regions of aucovintul testing is an area where the re-
actions have not yielded to study. This preonats a freld tor
future researoh in the study cf hydramine.

At.ationspheslo pressure, tho ov rall deoomposition asoctlon,
.V•-' ,;, <i or hydx'asine t NH' ---- l N1+ i n, -+ N-, & - 23 K Cal. 4

However, at hih.eg 'resseur, tho px'elomInnnt reaotion lot
02 4 ,. 2",2 H + -12 K cal.
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1lither of those reaotions represents the actual process

or the deoomposition oa h7dra-ine at low pressures. The aotual
proceas may be represented by the equations t

X2X4 + W.. 'n + '12R)

XII.--- + WA,.+ 1

with termination reactions.

Mf2 + MgH.3 NH). + : N2 + H2

Mll' and Murray presuwed that. thA •oation 1o24 i -- 2 t
ias the rate dleterminin i~stsp4, Xt is a first, order decomlion

with an aotivation energr ofd X cal/mole. However• this would
liait the linear rtute of bjag-h±vwth respoot to the unburned Sam
to "0 eAatiuaters rer eothd. i•i•i gr•u•ly exooodes d and thus
the decomposition voaa,'t1on Its not to be comsidered as the ra•e
determtning step. M2 Is formed byseveoral of the -'eaotions an
veil as the Initial decomposi.ton.

The abov6 reactions are those of the deoompoasition 'of
bydra.I,.e only. Add to these, the %,*actions of nitric &oid,
the ooMplexiti o of the ntrozon oxides, the oxidation processes,
and one reallses the diffioulties in mappgrs the reaction pro*ess
or the monopropellant solution. The predominanoe of partioUl•r
and produats, - ammonia or nStrogen and hydrogen - dopends oan
the equil:briu ocnstants And reaction rate variations of theme
react ons under varying conditions of proesur-ea Sd temperature.
Tho regions of unstable roaoti•ono4 dlsoontinuities In the rate
- p14%ssure nurve:, and podints or ovitioalf pevAurdi u ndoubtedly
ropresent sets of conditions vherein the chain of reaotion is
changing.

It may be of interaet to note that all investigations of
hautbeor pressure in ouns using the hydrazine monopropellant

have shown rough combustion or pressure surges as compared to
"the buraning or solid propellants. It to thus indicated that
the reaction proo.so may be more sensitive to pressure or

* I • CONFIDNT]IAL I
* -..

SCRT 114FORMATION

SP-0;



CON•IDENTIAL .
tempoerature changea than conventional prop2llants. Tests Vith
a small oaliber ritle indicate phonomena in the gun that might
be explained by the brenks in tho curvos previously dieseused.
A cnrrelation botvoen the ballistics of this propellant system
aind th•- thooretical atnalyals or the hydrazine reaotions is
*b••,inning to rorm. It may take several years to attain a cleat
picture, but a start i beng. makde.

i i
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DZ1CUSS3ON ON PAPR•B1 BY
DR. [OWARD V. IMUSN, DR. D. N. MASON, MR. N. ff. OLSEN$

AND MR, THOMAS L. TCHOMPSON

TE CHAIRMANI Thank you, Mr. Thompson.

The irst ftour paper& ate now open forz disoueslon and *
pieage announce 7our name ul arly. your affiliAtion, and yourdiaomoslon-clearly so we maly take it down, and do not be afraid

to use the bLaocboard if you have any 'atts and figures you
would like to present.

MR. D. N. ORIFI•N (MAthieson Oho•i•osl Corporation): I have
two oemments to add to Dr. magonis paper on thermal decoompouition
bomb dtudise. S3inoe leaving the ivied vallop vwe have oont•nued
with similar bomb studies in connection with the liquid propel.-
lant gun devolopment program for the .Navy Bureau of Ordnanoe.
Just by ohninee I happened to bring a clide along with rae.

I might may first that in thin work we have been interested
in sotudyin tho effoot of various materials on the deoompostiotl
rate of hydrazino. Th6roforea w have used bombs whioh wore
made exolualvel7 of the material to be atudied so that ontly
that wmaoz'1al would aoond in contact with the hydramine or hbdra-
mine vapors. In. pit vowrk quite oft.en deoomposition rates havo
been measnured in a bomb of a given matooliat surh to stainloess
wtool, but one in which lian present weld material, silve r solder,
other metal gaskets, and so on. Wo have tried to be a little
more consistont by kooptng- he hydrazine ompleteily Isolated
from anythlng but the one material in question,

(slide) (9A4. page 148)

jhovn heoe are the rosults of some tests in bombs of
different inateriala and with abhydrous hydrazine only. We are
also conduoting studles of the hydrasino - hydr,\zino nitrate -
water mixtures; howover, this work is not oomplete enough to
be reported on at this time.

Eaoh material indicated in the figure represents a
.. different bomb$ hotever, the dimensions are the same in all

cases. Internal dimensions are in the name order of magnitude
an in the JPL tests.
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wbaream copper, brans, and several aluminum alloys gave rates
approxim tv to per cent 'if that obtained vith~stainloes @tstee.

At TPL It was observed that 1/23 per *ent cadiumu acetate
reduced the decomposit ion rate of hydrahine to a stainless steol
'bomb to one-tionth of its normal rate. Now we observe that the

* rate top anh~drous hydrazins in an aluminum bomb# top example#
Is in the or~der of about one-fourth or on.-fifth the rat* in

* ~steel vI~h cadmnium added.

TheretfooA we eocentLg made amoo brief tests to determine.
the Iffect of 0".Mium on t s deoomposition rate In an aluminum
boub. Althoughi tbe rosulta are not shown inthe figures the
mlddition of cadminum acetate had no appreibe effect. Apparent-
ly mater'ials in the ola!Is of aluminum, und posseibl~y copper, ar'e
essentially inort toya'rds the thermal docompouition rtaction of
hydranine hence a.sur~face po~uen to not required. This In i~n
contrast 60 steel urfanti which Acappretl active, and
therefore can be Inhliibitsd by tho addition of cadmium*

The rmuultn with aluminum are of particular Intevect sincee
thin appoitre to bu on-v or the most compatible of the #cow~on
mcibt'du with hydruiue. in tLhe Pget., It I am correct, hydrAtizoe
has not been hested above 500-9 5 P., withiout exploal~e 4000wo0-
vition rates qacgrring. As ohovn on the slide, we have bested
hydramine to 600 F. in a 75-ST aluminum bambs at which tempera-
tuie the dsconmpcaition rate vas only, 1.0 psi/miln vbioh corrospondu
to an absolute decomnposition rate or app~roximately7 9-1/2 per cent
per hour*

These rtgnulto. portiaulArly with the aluminum alloym, should
be 9P~ r~lma both to jv,,o~pl.n w-qioernod vith rogeaeerative cooling s
in ~r~iplLrant Applicatiops and thone engaged In hydranine manu-
fac ture and otorago. Ifence I consider it appropriate to offer
this material at. this time.

TVAC CHAIMAN, Thank you.
Any further discueuiont

do R. AULM. RD11 (A0ALFPL Cleveland)i Dr. Masoni

joou recall the heat transfer vle nyu oktegn

DR. MASOMi Off-hand, I don't knows W,. Grant, of JPL,,
Who Is present, perhaps can answer your question.
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CONFIDEZNTIAL
MR, A. V. ORANT (Jet •ropulsion Liaboratory): ITo Nv ,U. •

per square inch per seoond.

?A N OIH1RNA11 D, BtIllers you have been Tony quist. Doyou want to say a few words about eadalut .

DR, , AIU, . I donat think it Iv quite appropr.iateo I
Would rather wait until after Dr. Duter presenut his paperl
it's very pertinent.

,. • KR, ,TOYANs I would like to make one coment.

* Tt�Tre* van some comment made about the effect or vapor
xsposure to the metal nurfase as contrasted to liquid. Accord-

In$ to your statomoat You saw no concrete orfrot but there Sian
indioatlon of mowr decomposition occurring in the vapor
state*

DA, ?M4AONo I would not categorically stats that deooompo-,
sition In the liquid phase dwus nut occur, The results we
reported are those that were observed under the conditions of
'Our measurements, BY the "Ur*e or our ZtIeurdewenta BOW$ &s PIase
i always preset, No Loute were mbade mhero thin phase van
oopoplnely excluded. My guoss In, vithout expearimotal vot lefoa-
tiaow that there ,iqy posmibly be concurrent decowpositlgn in the
liquid pharos although the gan pmase .vaotion is moru rapid
acoording to our experiments.

MR. TROYANi I seem to recall that you said that regardless
of the uflagseyog got no significant difoerance.

We have some work which will be reported tomorrow thAt
indioatas vnry definite effects -- a large d•fZersenoe in
deoomposation. oeverer the work was done at 50 degeees
Oentigrade vhhre possibiy there Isn't as much inert gag
evolved by deoomponiti.o, and there tI more hidrasine available
in the Ban phase letis may, t"au there .i1 when ysu are dsomn-
posing at much hkSher rates where In the &as pbase you bae
MIN 1hydrasineo I don't know whether that is a vualitative
viewpoint or not.

DR. MASON$ The VArtial pressure of hydrasine over liquid
hydraxine should not be markedly dependent on the pa'esuure of
inert gases in the syretes. Out, observation vws that the initial

4 •rat: of p'esmure rise in the system with time was independent ofe
ulluie* which suggests tat a a1 phase 4reation to oontroll~ng

' ,,, at te elevated temperatures e~our measurements,

.*.. ' ..,,.MR. EREST D. OCAMPBELL (U.3. Naval Ordnance Test atatio-,)i
I Would lice to ask Dr. Klason, what van in the ullage - wa it
nitrogen?10
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CONIFIDENTIAL
DR. MASONI That to a point which was not brought out In

the talk but Is mentioned in the paper. The initial gas phasecontalned air. Thus, When the temperature of the 1yoto0'UVa
r&ised, reaction between hydrasIns vapor and oxygen of the air
might be expeoted to ooour,

MR, CAMPBELL, You didn't dos•etin Quh between the oxidstive
dooompouition and thermal. doompoatt on?

.DR, MASON (Interposing)i of course the total numbr of
=*Ies$ Of oxygen Inttlatt7 prevent are anmll compared to the
to&ta number of molse of hydrasine whiah decompose to give
large pressure, o,+

i

I • .~. ORIFIFINSf You might also add that by the time you
atained the tempera ure at which the moeasuremenbs V00 mado
probably all or bho oxygen ot the air had re'otedj loeawvn
geeeptially 07onl nitrogen plus hykrauin. varor anl hydrasino
detomposition produotg.

TER Ofl&RHANt I would like to have Dr. *trisso of NOT$Just briefly outline tho work in progress at our laboratories
on •ho therm~l deoompouitton of Liquid hydgavinoe

DR* MltUVta We are starting to make oame measurements at75 degrees 0. TIat teamperatui, Is Veory lose to a figure Ve
got from the bureaq an the upper temperature limit that a pro-
pslluint should withstand.

Thum for we have found that bydramine deoomponition in
o be almost i•eurable, that I , on the order of less t•an

"one per cont per year.

At present we are tryl to find out whether deoompositionIs taking pslae in the liqui, pAhse or in tho vapor plase or
both. Irf deoooompoiltion ooeurs in the vapor pbasoe we shahattempt to find out vwether it taikes plaoe an the vall$e of the
oontainer or in the free space.

Thus far we have only a littil data. These data Indicatethat hydrauins is very Stable. In the Absence of AIr or1
oatalysts, deoompositton is extremely slow.

TEX OVAXRMANt Thank You, Dr. truse.

Profeseo'r Waring, do you have any comment to make on this
decomposition work t t has been presented?

.. OP'.SSOR 0. 3. WAR11O (University of Conneoticut)t Vekh. bve boon Investigating the dsoomposition of hyrauins vapor
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CONFIDENTIAL
at elevated temperntureq, that 1se 1'ound 200 to 400 degrees
Centigrade. All I oan 51'f zo•y in that It 14 htarogeneous,
v011t0 agreoo with previous roporta on iti behavior.

I would lIke.,I Z Imay, #to Md notew oeoment. about burPazI "
rate studies at high preesure"e

Tn CRM'tAWo Surely,
PROMBSO2R WARWN0a It I Understmand it carrx'.t2.y, the last
oe seems to feel Lhot the breaks one ges in the curves89:1Akn easuringli •quid tburning rates at eo•lvao ressarev are

&pptron 1ty due to & hang:e In tho chemistry or te sysitems

We vent &Ion$ with that Ab the University of Covneoticut
until, recently vhere we have buieu mosou•inij the bur'ning Tee
of Propano and -nitric acid Nyoteem We b:644 to susecot hat
the.e charaoteristic breaks might be due to physical o*±fents,

Some of you may be avarze that as you inor.ease the pressure
o01 liquid systems the VaOpo prooakirae Increases. This Is the
Poyating V60.,• Whti. • l, we re n• t pree•nrd to state this
finally, maybe. we navar can, we bs~an to ouif oot there may7 be
veapor pressure relationchipe oporAtive at thfa ver7 high

eue. ONAIIMUAN: TInk you,

"Vr

, .. ".,
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1 DETERMZNATION OF TIHE PROPERTIES O mnYERAZIIl NITRATE

by

J. N. Mandas an Do W. .1 oker,
Olin Industries Ino.a.

"* Presented by J. NoYAndas

At the request of the Navy Bureau of Ordnanoe, OlinIndustriso undertook a study of hydrs&Jxino nitrate in September :

1951.. This paper sulw•nialsov these atadieo to date, .p"bz

in this study, we were concerned with the physical,
chemioal and oxplosive properties of. hydraxine nitrate. The
atability and oompatibility of the.salt with common mnaterials
of oonstruOtion were &In* studied..

This work quite natLurally led to a oonsideration of
methods tor lar'ge-scall e nienufauture, The woric now in progress
is diroated to this problem.

In the early stagse of the work, the mathod chosen to
prepare bydr•uine nitrate Ms tihe neutral.igation of 5 hyda-I ine h~drato to a mo)thyl rod endapoint with dilute (54g)doso oriao d nitric id. l The r& otion was maintained elow

rb mont indicating at. .*it a 99,% yield at the salt in solution.

TVhe •lt vat noparatod 'rom solution with a modified flash
evaporator or by boiling of the water, in a round bottom lniak
ut)der reduoed preosure.. All hydrasine nitrate umsd for expori-
ment•i pur pose thtoughout this work was prepared in this bianner
from redi, tilled hydrasine hydrate avd O0.. nitric aoid decolor-
lIed ,Vith uroeav

The chemistry of hydrasine is now and reveals but a few
propertles usable as vehicles for quantitative methods of
a'nalysis. The reduuing action of hydrlsine and its salts has
been the most widely studied 'o date and was therefore oonsidere4
W be the best approach in the searoh for a method at analysos.
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RESTRJIC TED
An lodometric method vas found which Involved the use of standard )
laborAtory equipment and nad the simplicity of technique noeossiary
for a general. method of analysis.

The work reported by Mco~ride and ooworkors(l) on the direct
titration of hydrasine with potassium Iodate rmcommnend& it am a-
suitable Lodometrio method Of analysia, The method ado pted for

asolv'ent Indicator. The equivalence point occurs when the
last or the 12 formed in the earLI stages of tht titration io
converted to I01. on the continued addition of the potassium
Iodate solution, The end point is detected by the disappearance
of the iodine color In carbon tetrauhloride wbich forms a second
phate in the titrating rlAsk. The moethod was choomn for two
reasoonui (1) OnI.y one tit ratin to executed, (2) potassium
Iodate isa prim~ary standard

it van round in sooordance with NoE~'ide et. at.. thst the
oxoese of ohiorida ion munt be kept high to obtain an accurate
end point. With the uhloride ion conoentration adjusted above
six molar and the hydrogen ion concentration approximately four
molar, Lhe ehil point was sharp if stirrino wasn efficient. one
tenth or a drop vans urrioient to cause trio change In color of
the carbon tetrachloride phase from an extremdely pat* pink to
colorlesns at; the end point. The tendency to over-titrate Is
inherent In the technique due to the raite at which the system
06ttAins eq4Illbr1Umj the rate of attaining equilibrium is
proportional, to the chloride Ion concentration. By allavinf
at least thirty second. between each drop am the end point to
reached, a reliable result Is obtained,

* To check the standard potassium Iodate solution, three
salples of reory tllimed hydrasine sulfate were weighed ouat
and. divoolved in a little hot water, sufficient concentrated
acid yasn added to give a six molar hydrochloric acid solution
at the end polat And the resulting solution titrated with the

* standard potnasiuan iodate solution using carbon tetrachloride
as an Internal Indicator. The aovgere of the three titrations
gave 0.110 an the molarity of the potassium Iodate solutions
This compares with the weighed value or 0.1107N.

Orystals of h drasine nitrate separated from a saturated
solution wore dri ed In vaouo oveOr anhydrousn calcium sulfate for I
18 hours at room tempsrature. Three sam ples were quickly wan
aci an afew drops of 0014 were added and the reoulting mixture

* titrated with standard KI03  Results, which are listed In
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Table I, show an acceptable order of precisiOn, I.e.* .t 0.3%.

N saturated nalu!ion of hydrziame nitrate stiading at room
temperature was ut,ed foil lhe determination of the salt in solution.
A sample of the solution (3.934. grams) was diluted to 250 mle end
aliquots were delivered from a 50 ml burette and titrated in the
following wanner. 50-51 mls of conncentrated 1111 and 14-16 grams
orNmol were added to over 40 eia or weasured solution. Two to
three drops of C14• were added and the mixture titrated with the
standard Ki0O. Results ohieh show a precision of t 0.1% are
listed In Table ii. L Y 1 A R 'E T

Crystal Dens-it.. The uncertainty as to the hydrosoepicity
of hY.raRzT •T T=ix, at Lhe timo of the doteruination of crystalSdenit;! required the method of dispiacement or an inert liquid
In a pyonometer be used because the sample of salt could be
dried before weighing and- kept dry vhile veighina. Special core
was given to the determiration of the density of' the 9ample of
• edthyl phthMltate used as the inert liquid. H.drazine nitratt
swaL fused in vacuo to remove all traces of oc ludod water and to
ensure the absence of voids in the cryotals. The data obtainea
savo a value 61 1.685-t 0.o05 Lim/ml a;, the absolute density of
the crystalline salt.

Melting Point. The melting point of hydrazine nitrate was
deter Tr6id•nD'it•Ung the temperature at which the talt absorbed
Ite heat of fuslon ac indicated on a time-tmmperature curve.
Hydrazine nitrate, twice rooryatallized from distilled water
was Nesed in vacu:. for two hours at about 11000 to remove aLI
wrter. The data for the highest welting point obtained Sama a
value of 70.7 C0.1°. As a measure of I.rirty, the melttn$ point
of a naniple cf1hydSrazine nitrate separated from a saturated olU-
tion and dried in vacuo over "Diiierite" for three days was
determined and found to be 69.7 " 0.1 0 C. An almlymis of these
crystals showed them to be 99.3 0.2% in h7drazine nitrate.

S1.7 oo Itl_*. The h'groatopivity of pure hydratine
nitrace was etermTnod bj noting the change in weight of usample$
stored under selected conditions of relative humidity. Hydrazine
nitrate was fused in vacuo to insure the complete absenoc of
water. A series of desiocators was arranged with relative
1-uraidities of 20, 43, 55, 60, 65, 70 and 90 per cent and namples
of the salt were weighed out and introduced into each of the
desiocators. The aamples remained in tho desouottors until
they came to constant weight which waq rjonsiderod to be the
equilibrium hygroscopicity of the salt. A plot of the values"obtained (Figure 1) indicates that at relative humidities
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TABLE r

ANALYSIS OF C0YSTALLINE 1YDRAZZIE WITRATS

W214 )o3 TS.1CA 0.11.0 IxX 3 12 H4o 3

0 .,o 49.00 9_8.2
o.07261 6 808 98348
0.3929 36.85 98.06

Mean 90.3
Std. Dev. 0,2

TABLE II

ATIALYSIS OF iD1VZIN3 NITRATE .Z11 S60LUION

X2H4HN03  0.110 X o103 W"-. 112 Wo3 peop
solution Solution 3.93z4 grams of

(ni. ) (ml.) Saturated Solution

0.45 41.90 52171.

4.10 41..0 2.720

47.50 49.47 2.718

mean 2.719
Std. Dev. 0.003

1.56
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" greatpr than C8% the Walt lellquesoes. It in to be noted,
hoever. that an apprecAibls a.rount of vatcr is picked up at
relatIve humudition of s1xt7 and sixty-five per cent.

"The stability of 12IwagLae nitrite was Nconsidered in three
VAysi the stability ot the pure salt the stability of lm urs
Salt, and the stablItty of a raturatod solution of tbe ma4t.

D,4e.blltZ of ziro Er--i•O UrAte was deterwined vI&
tte Vf0Uu 4 s~5taollivi tout01) U' vw lalt.&ad by storin
a SAXle of the pure fused flait at 5000,

Thl vao;imu stab1liy of hydrazuie nitrate van datekmlnod.
at 63,0 by the Vaoetern Ciartridge Company tvaohn..q•u Vued In
detoroair.ng the vaouum stability ot tatryl. One -Jram samples
o 'so*,•d salt. ivtre plactid In the naMpoL•ot•taine•' of the app•ra-
tiii whtch vwa. pt40od under a vaoutum and brolght to tomporature
In U oi I bmth. Ph# lIternal pressure of the oystam vat read with
a mareury manomeLer oa•lbrated In milliliteim. Aftur forty hoursn
the uercury level vae noted and 'oo•reotud for any chanse in
barouietrio pressure that miCht have ocourro! during tho teit. An
Inoroixe in voluMe Wa4 taken as evide2Iie If the evolution or a
gasOuv privoduet rumulting from decomposition of the valt, One-
gram outpes evolved to 0.06 il. of gas In fort7y hours. T
the salze test, but at ?200, RDX evolved 0.90 ml. of gao per gram,
aml totryl evolved 1.00 ml, of gas per gram. The RDX and totryl
vOes produotion 8a81pUei.

A tour-gram sample of the salt vlA stored for four :;eke
at 500C lu a glsad vial stoppered vith a rubber stopper. A daily
cheok was made of the salt and the vacuum stability test was made
on portions of the sample at the end of two and four weeks. The
salt did snot alter in appoara•oe over the four-week period with
the exaeption of a tendenoy to a4Ms. The salt evolved 0.0? Ml#
of gas In the vacuum sta•h•lity test after being stored for one
weak at 50 0 and 0,09 ml. of gas ailer bein6 stored for four
weeks.

The above results euggest that hydranine nitrate in stable
and my be capable of bel.g stored over long periods or time.

The Stabiliy 0f IMp re Hydrazine Nitrate vai determined by
noting the roacti'7bt ohi• I N ith mahfue-rl ls representing
tho Most common oubstances with vhicoh the salt might come into
contact In its Industrial preparation and commerclal use. The
chosen substances were introduced into sawples of the salt and
tesned for their reactivity at olevated tempuratures (110 to
120 C), at elevated temperatures in vaouo (vacuum stability
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test at 68 0 C), and at olovated temperatures tor long periods'
o t•ime (surveillance at 5000).

Fhoh ot tho chosen materials was Introduoed into a porcelain
tru atble eontaining hydr00t.e nittte and heated electrically to.

a temperature between loo and 120 0. Any racotion (evolution
of gas, crange in color, toa•ing e~o.) noted was considered an
Indication that the two c•,rial s would be incompatible under
any got of conditiono of .preparation, storage, or qhipplng.
The results Are tabulated iq the firgt ooltAm of Table III.SBrans, oppor, lead, oopp oroxide, hydrasino divitatse andS lead monoxide roat v h the rused salts.

The maturiale found to be compatible with fused hydra&Ine
nitrate at elevated temperatures wore 0oz~nadered with respeot
to any catalytio action, or weaativlty which would tend to
deooopose the hydratine salt over a long period of time. The
vaouum stability test van oaosen to teat sampl.es of hydrasine
nitrate oo0tamirnated with the filings or duet of materials
found to be conpatibLa with the tused malt. The results are
tabulated In the sooond oolumn of Table 111. PeFWic oxide
contaminated salt evolvud 3.0 ml. of gas.

New samples of the mixtures found to be stable in the two
foregoing tests and samples propared with large pleces ot the
oontaminant. whenover posibleL we0e placed -under nurveillasoe
for four weeks at a temperature of 5000 and daill lnspeetionmade. The reoults are tabulatod in the third cc umn of T'able
111. Ondrsium, ooppor, magnemium and sino wore roadily attaoked5o
The stainless stoees all developed rust spots on their roug
edges only. The woods were all disoo ored.

Stabilimof Hydrazine 1lte Oiutions. The foregoing
tests ruld io- aoriats ri~noo ij5atU2.e with hydrasine...nitrate in the dry state. In the event the material deliquesoes
due to storage uider high humtdity, any reaction would be that
of a saturated solution of hydras 'me trate and the material.
Suoh a condition also exists in preparing the salt in that It
is generally prepared and concentrated in an aqueous medium.

A sortes of saturated solutions van prepared oontalulinjpieces of the several materials (the motallic compounds being
exoluded) and stored at room temperature. '11he materials were
inspoeted for ohemical attack, weighed to detect any lose doe
to corrosion and washed down with distilled water and the"washings from the metals tested for the respective ion.A

The results of this study are listed in •;:,ble III. Allmetals (with the exception oa siroonimm) and woods testd vwere
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attao6ked by tho solutIon. The solid magnesIUu bar deoerpitatsA
to a sludge in the bottom or the vial. Brasn, cadmium, Copper#,
lead and zino bars all developod heavy coatings. The steele veor

4 spotted slightly with rust.

r a t.'e nrials lnhioe Can be Cons•do -d Most CMrAmo1b1 pith

and utorage as determillef hy the foregn voigwr are £ i'•o j a sfol Vol

Metals packaging Materials
Aluminum Asbestossilver Py•rex glass

Polished Atainless mteels Polyethylene

17 ~Rubber,re
23-1 :,Rubber, gum,

4 0ZLC Boda glassS//:••'/' er' Lou
T n
ZircoPLUre

!..

! . *
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TABLX III

RESULTS 0? FUSION, VACUUM STABILITY, SURVlZIIANCI
AND CORROSION T33TS OF NhYDAZIN Nr(ITRATS

vacuumr SuveUMMERS 00505130
Fusion Trt S BtabIlt lt7 Test Test

RgE Roaotion Toot v Reatoion
.N reaction _(MI.) ... o Leaoti0on

Metals
Aluminum A-i" - 0.5 RbTrags R R,
Cadmium - 0.0 R R
"Copper R Rt f
Lead R RManoslum. A R
Si ve- - R
s 3tool

. #309 0.0 R R
331.7 0.0 R R

* #321.t 0.0 R R
"3014 no 0.0 R R•#347 CIS R 1R

STin- 0.0 R ,tZino " - 0.1.R R
Ziroonium 0.0 ...

Woods .
O,•k - i,.o R f
s , . ugar Pine 0.0 R R
U.'d Maple 0.0 R ft

Metallic compounds
V Aluminum Hydroxide - 0.0

Aluminum Oxide - 040
(16opPer Oxide f
Ferric Oxide 3.0
.H•drazine D•1t-

trate R
Load Monoxide R 0.0.
Lead Sulfide - 0.0 -
Maneotum Oxide - R
W ve. Sulfide0 -

Tin Oxide - 0.0 -
Zino Sulfide - 0.0 -

1-,.. 61 1.1
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TABLE III (Continued)

Fuslon Teot. Stab1ility Teat Test
Ri-Jtea4lton get R.sat ton

SPaoka1gng Materials
Aubestom 0.0 ~
paper (water- - -

Plxotx . . - 0.0 -• Po 1ýothvleno - '0 "
;: ~Pclyot)'ron, 0.0--

Rubber, Sum - 0.0 - -
Rlubberr rod - 0.0 - -Soda gfau. - 0.0 - -Teflon - 0.0 -0

HydraS:no Nitr'ate 0.0

VI

' " ,' +;,'•,i163
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auos olutio%25. Bach solution wasn anal.lsed using the potassium

fraigpoint, and boiling rioits at var'ious pirsurom, of each
* atf the solution. wer'e doterms nod.

aThre so:urces of' data were utilised topropaiing th hl
diagram of the vatez.-hjdrasiv# oltpate slitem. sol.ubility

newod paseappeared. 'The mo.ttva point of Sopr alWI
isd An the 1.00% -point and solubility of the $61 atlQ~A

det:XmInvd Wi Phis laborator'y was used as onot~er point at which .
~~1 a a cmond phase appears. Pre.zIng point data obt4kined with freeSIng

goint equipmient to this lboratoiry warn usod to'complete the
dIagram. The data obtained were plotted (1Pigura 2) and Fis pgint
at WhIch tie t.wo curveas not at~ the eutootio tampsar -.9. 0)
gave the eutect1o compiosition as h42.5% in~ hyvdraxins nitrate.

AThe densities of the varioum aclutIono wAere deter'mined with
the pyanomo~tors *Alibratod for urne In tho dotorminaftio of the
cryistal *ienslty. The volutions were ooolod welt. below the'
toniierature of the initial wel'ghing and Introduced into the

dnawters. The pyannAsetero were then st in A controll1ed airs
?11h and all(oud to ininvewperat tre - ory stolov.until they
c alculaoted from the data. taken are tabulatbd in Table XV* All.
values were corrected to vacuum#

The-refraotv Index wan measured with 4 a'asoh and Lombt e 3-45-6 Ab e' aractomotoz' oupp lied with a flow of cobn-
oattemperNtllro water nround the pris3ms. Solutions ranging

In concentration fram *eight to rnsvsnty-threeo pr ceat hydrcrnine
ni~trat~e were~ ,proped from digtillid water and the 'refractive
index mieasured. The vAlues obtaiiisd are plotted In Pi ure 3.

Th. plot of tile Values fro.u 0.00% to 51,6% hydramlne a itrato
In a straight line and is suitable as an ana Vtical tool. The
curve be end 51.6% bocooies steeper and it u: or analysiswill yield values having an accuracy dependent on the numbers of

Th- iethod of Meuni*o was used In determining the vapor
prestsur u hdrs tu irt outosvrigt oonoerntra-

isolating the solutoo n Its vapor in the resnervoirs bulb of
an 190tefleeoopo by introducing a liquid having a very low wpoW
pressure Into the V of' the Isotenecopop after the atmosphere,
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over the solutiun had been svept clear of other gasoee, The
preesauro or the water vapor over the solutions at var'iousStesperatures vas measured wi1th an open ond mier.gu manometer.
Smooth ourvee (Vigoria 4) were obtained from 309 to the atmof;.
phfero pesu.oa..boilinS points of the solutions. W.hic rwanged
fro, 10100 for the ,t solution to l17TO tor the 74.5% solution.

DENSIT'Y O AQUEOUS HYDRAZINZ N•TRATEil BOLUTZON5 AT VARZOUS TZ'MPtR&ATURZS

S~PAP Cent

Silution Nitrate 1000 1500, 2000 250 3000

1 5.4 1.02142* 1.0225 1.0211. 1.0191
11 10.04A 1.04 64 1.0o444 1.0432 1.O041 1:0393

111 1. 4o8 1 102ý 1.0998 1.0963' 1.P?3I
IV 9: NU2 1.2234 1.22014 1.2173 1.. a 3973V 5. .202 1,2809 1 2773 1.Z35 1.P;705VI 73. 1,84:120 39 1** 1: 3 1.3 97

D •ensit7r at 1400 J
D* fensity at 2100

All %,qluqv bavi, a standard deviation of 0-.0001 exoept 73.5%, a21'0 0.0o09•). and at 3000 (t o.oo00} and that of the
91 ~ ~ 7 .0002).

it V.,
1~ 1
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Samples of pure hydrazine nitrate and h7irauine nitrato
0oo1taminated with nand, atelt thiings, hydaalrie nitrite and
hydrazine dinitrate owre tested for Impaot, friction and
detonation seusitviteT.

1als Pieparj. Sdrasine nitrate was fused in v&ouo
to a v 't--(taa sand crushed to pass a 100 mesh
voreen &nd filings from #30 stainless steel were used ai
fine particle contatianus. A standard h~drasine nitrite
aolut ion, freshly prepared from dihydrasine uulfate and barium

nitrite, was added tb a weighed amount of solid hydrasine nitrate
via burette. The resulting solution was evaporated And dried
in vaaupo at room temperature and used as the I ,drazine nitrate
0atagle ooan hninabdo vith hydrasine nitrite. anderd nitric
aol solution was added to solid hydrusine nitrate and the
..resulting solution treated as above to give & sample oon•tlt
nuaed with hodravite dinitrate,

Te mlpt sensitivity. osn uetivi e to impact vas determiwed
usind u tof- a dt -o V of mine svrg pactahinc (cup method),The fire-no fire point was determined and used for comp~arison
Purrbesee The Ibjpeo senslt.;ity of standard stampled of tetFT•l
and ayolovite ware determined at the time the Lydraxine nitrate
sawplesa •re tasted,

The Impact sensitivity of pure fused hydrasiuo pitrate was
found to be a function of the aver 90 Pdrttole •II (Table V),
The sensitivity ranges from that tstry2 (Ws:t•ert 0artridge Lot
No. 280-6300, Zupact Bons. 80 om no firet 82 ona two fires out
of ten trialu) to that of oyclunite (W.estern Cartridge Lot lice
270-15 impaot Sons. 40 am no fire, 50 om or* Ciro out of five
trials,5. Thirteen to twenty-eix per cont sand Increased the
menuit i.ity of the ralt to that comparable to fine mercur ,
fulminnto (8 oia) and four per cent steel filings Increased it
to a point comparable with dextrinatud lead aa.de(L9 orm).
HydramIne dlnitrato and hydrasiee nitrite inoreased the
sensitivity onL7 slightly.

Detonation lensitiviLt. The detonation mennltivit7 wan
deterin- f -i Nse a sand bomb. Varying amounts of
1, eroury fulminate were used to detonate four tenths of a gram
of hydrazino nitrate, the atiount of eand ariuehed indioating the
absonco or oompletenens of detonation.

"'.t: "Pure hydrasine nitrate was found to be slightly more• " ""•'••"';•,'•"••'li ' snsitive to detonation than tetryl with respect to mercoury
fulminate as an initiator but the power of hydraaIne nitrate

168 I
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to be luan tha) that of tetr7l. F.Aoh of the contamlnated
,dNpl~a excep~t the sawple ountainlog hydrazine nitrite wae. as
aenaltivO to Merourl Vulminoto as the • p•* salt. Au o tee* o
the eamples oontain1ng sand (13%) and steel filings (4,j yere
not as poverful. as tile orisnal .salt.on a Veight for veight
basis. The sand and steal oontaminants did not Alter th,)
propagation of the detonAtion through the salt. One per cent
"hdoaIDne r.ibaite contamin'tIon gave & nifterial leon psnsitive
to mercury rulailronte And sLightly loes poverful than the pare
malt. One par oont Irino diiLtrate oontamioatiop did not
alter the sensitivity, but 4eo resulting mat'rial VAN slightly
Leoa powerful than the pure salt. The dinitrats salt interfered
in the Irogagation as d partnial detonation occurred for 0ao
Het Of loadings.

TABL V

IMP.ACT UNSITI1VT OF kM~P IIYRAZINV' NITRATE Ov cowri~oLm~
PAlRTICLI SUN3

sieve size. Heii~ht at which at a point tvo
Faaea Hend no firev oiourred c•i above the no-
Through By out of ton trial.s $ ie point

34zpi lot.o (Fir cs /T1la is)

* . 9 84~o so 1/10.
* 2 848o 59 78 1/4

590 297 ~ 0 /
297 195

51.25 Pan 4 A

Friction 2e01li.vltt . The sensitivity of hydrziznu nitrate
to rfi ti an MZA '•t'ed usizig the Bureau of Mineo Type A and
Type 1 Pendulum Priotion Devioce.

The Type B Friction Pendulum mohine would not fire any of
the seamples of the salt using a nteel. bho ans the bob on the
pendulum and a atoel anvil'.

With the Type A Pondulum Friction Muohins, a local oraokllin
van heard in five out of teon trials using five grams of tetryl

e'. on the steel anvil and using a steel shoe as the bob on the
pendulum. Using the Same setting of the maohine, hydrauine
nitrate detonated twice out of five trials and lcoc toracklinj
was heard each of the five times, The steel sihoe vas replae
b7 a fibre shoe and using the same setting of the machine,
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hita"ine nitrtw e 414 not tire ten out of the teo triale.

F12 hyipaeibe ntitrte .s mope sensitive to twiojtion thAtotalr whi teeteaon the Savost of minss ft" A PendulumMeIton Iehia..

T tU41 of the PoaImnprism of hy4pasins nitrate Vasapproached usig•8 aromosoopso toehntques.
Two Polymorphio moiifhoat ionu of odimsine nitrate voreOWA to exist beoween TO 0 and +0O.7 at at oulphoelo preessue.The forme a out~tute a Vows I molting at 70.700 AM a parle 2tlg at th e. Qu•gtem is tomomotroplo at ataosphepisPweisuwe, I#e., Pon 2 U i nstable and reverts to Form 1, thersverse not being Laos*0
thae hpdiAsin° ultitate lolet iUVyalabl• 7 Super ooled l1de-sauet Of how Papidly ors hoy low the temperataure was 4u'opped,601aterefos passedl llthoug the one%&~l to II •

Ste.palertogatton twain 11 to I mntslte in amorous iSyr Implyepgoed shiatna 0104ke Iindtiattll the density of m to begreater than that of Form. Wdo.a n4'siu. trmate I proepped frma fusion Proparation without *al thr'ough the "aw It moditle-tiout Oppeapa as rods sad elosgatd plates,
•4tmuino nitrate i: owIStalliaed from the melt Is featherro0ds and broad plateve On tl~asof~w'tton to 10Pm ZA the generalOutline of this Mt formatiom wsstaind in outline withthe ne. fomg 0Oost utins the *tpuotfto Inside those @otllmA,thus UihlbItial Patudomoppaa~g.. zayeet10tis of Wn gVon"saIt e under aswlgmsop, willl divulg the ewystal h1AtOp7to the ex... t of • nd.et•al whother or not it ptiesd thbrOuthe muitito •.loi 11 in its pieppation.
"0 Iam 11 Vero round to doexist at t _peralurte bVLoiV-5Q00*.A fusion hemepaatioo crystmuilend aso Po, 11 vas #*eedewith MEp ;is -- em the tu'aa•sftomtm miot re aohed tae at. fi elow# the slide Vas cOo.ed WSPId on a bmass.001 a. bar. ly r•wpi nl this opevtom an coallm to l.oveia"d lofe tapeptupoi It Vai t•"imd tt .h ... rtof twe -.r ose. n NlwUm the sl!o1se r ohod se at

""•'•+~~~~rg "3 30% lfo l1.o,-3 A& nep& up s blow -3O Nhto) fories existed
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LARE-XAL FA MU!FATUP3

The laboratory preparations or hydraz ino nitrate by the
neutralization of hydras~no wish s llutv nite a •hai indiatti ed
thae h kettle at tteo waseseat v n -and t•oity 'cartedoutn . The
expertence ained to making hlaberat oay batches of hpdrasine.nitrate was used In developing &.-method believed to be applicable, . '
to large-scale manufacture..

pilot Pla~nt_ eratýon, A pilto plant run of the neutratll. .. .,-
tation reaction a•' ma"•de--In a small ileam-heated, stainleessaý'r

that routd U• useful. in t~he design of. a largo-aclse operation. !

The pilot plant run indioated that the neutrall•-ation reaction
* was an acoeptable one, but that more information an to the

efreot or reaotion temperature and feed oonoentratoons was
necarIr7. other Information obtained from the pilot plant run
showed that in the eng•ieri•ng desi n of a large-scale plant the
main probles woold be to separate the nalt from the water.

Roaotln Tpoerature reed Concentnation studios., n order
to doCierin5-in trimpez'ature 1451tafonn 1or proaucIflg hydrazine
nitrate, studios wore made of (1) the dooomposition of the salt
In aqueous solution at varloua temporatuwev and (2),tho proe2tage .
,Leld at vmrious roeation temperature.'

13inples of 54% aqueous hydrazine nitrate solution wore
prepaped with C.P. salt prepared in this laboratory. These
samplies were retluxed at various temperatures for ninety hours.
There was no 1oes of material in these samples.

Solutions of 85% hydrazine nitrate vvre neutralied with 70%

nitric aoid at a fairly rapid rate. The hoat of the reaotiov
raised the solution temperature to over 13000. The yield of
salt vas found to be O00%. ..

Engineerin 5tudy. A aeries of caloulations vere made to
de iuenio the chea method of evaporation on the basis of
Initial cost, coot of operation, and overall safety, •.e'Wodv
considered inoluded atmospheric ovaporation, triple effect
evaporation, vnouum evaporation, spr2~y drytng prilling, film
fralhing, and salting out with a water misoible solvent. The
Nin I$ stage vacuum evaporation nethod was selected for further

The vacuum evaporation methoA has a low equipment cost,
to simple to design, tnd can be operated at a low temperature.

,' " The low tempoerature is d'sirisble from a safety standpoint.
... Bench scale operation of this method is contemplated.
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TiI3 AIALYSZS ON XrRAZUU

by

John D. Clr J~t1

Naval 4ir ]Rocket Toot station

Various mothc -s of r.alysing hydrazine are Ai!cussod and sow "I
of thoeirhortoozines aro pointed out. The method used at the
U. S. Naval Air Rooket Test Station,. based on the quantitative
oxidation ot hy'rszzen by Caoramuine T, is described,

Thereo is no need, at a eryposiun on hydrazins, to point out the
importanceof an acour to "Lhod of analysis of the vaterial. I

inthend meroellynto.ocr the method umed, an a. routine proooduro9  I
by tho Propellants L&borutory or the U. 8. IWavul Air Rookeb Test
Station and to indicate the results which *ay be obtained by the
use o,f this procedure.

37draa±ne id to be assoaed for its probable major oenstituents'
S---NXL watevr knd the wtobrial itself. H)ydrsine Is both a base

* (a MiLle weaker than amoonia) and a zoduoing substance, and the
&ssar may involve either or both properties.

If it in to be assayed as a base, the simplest method is
back titration with a strong-base, such as W9OH, after the semple
is diluted with a known qu&ntity Of A stron• aid. This method is
preferable to a forward titratioe of the Material after dilution
with vat •e efioe aeoidental oxidation and evaporation of the
hydrasine is prevented. The end point may be found either with a
p11 meter:, or with an inoincator such as Brom Oresol Green. The
p0o the end point, with a tota* weight of hydrasine of 40 mg In

¶ a final titration vol.ume of 25O oo, has been calculated bo be 5.12.
The nmethod has been adapted rrois a routine prooedure used by the
RAY (ReHf 1) and by many other aotivities. It in perfectly straiht-
forvard, and gives eszoe2lent results. The obvious disadvantage isht
that it dues not distinguish between hydrazino and amontap and

asome other procedure is ne.oessary to make that distinotion.
.4t • The direct titration of hydrastne with iodine has beeon

suggested as an analytical method, (Rof and ha been tred at
.. , .ART3 with completely unsatisfaotory res to. The main disadvantage 4
4.J-,. is that when h)trasine is oxidised, nitrogen it evolved, which

**' ","•,. . sweeps out some of the volatile iodine, leading to an error ot
"unknown else. "everal variations on the method have been tried,
with no suocess whatever.

* . . . ,,. . . .
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Another procedure has been reoomaended by the Naval Researoh
LAbor.tory (Ref 3) as an "Umpire" fethod. Her* tha hydrapine to
oxidized with Lodato o browt*. In a strong 1Ol solution, using
as an Indicaor either Af chloroform layer or i:ntal o@iddllon-
reduction Indicator. The total reaction Is

WRH2 + X 103 + 2 9q01 • Xcc1 + 101 • + 3% 0 "

02 z+ 01x 01 +jz• 4..Ol :Z l+.4 " - . . '.

An may be seon free 12 Is present at one stage ot the
reaotion. A taot with starch Papor theyw4 that the 12 is aveVt
out with the evolved Nlt, -just as in the direct 12 titrtioni, with
a similar inhorort error. Various agenoies, howover, use thA
, thod vith reportedly satisfaotor 7 results. The tasual expedient
is to ife the titrated solution in order to reduce the vapor
.r*Aure of the Wione, but ye at WARTS eon.,ideord the expedient
to be a nuimanoe and no gu4iantoe of the complete ello ati*on of
iodine losses.

A prodedure using oerie sulfate and dioh mate has been.employed
by Kellogg •irth e*cellent reaults (Pef ) and 4) but when it was
tried at NARTS we fO'd that the end point war so bard to moe that
we did not aonsider the method suitable for routine york.

A German method (Ref 6) tuvolved the titration of NAN• with
Ohlorunane-T, but no details of the protedure were given. Hovovepz
A satisfaotory analysis has been worked out at our Propollants
Laboratory and has beena used vith excellent results. OhloraLne-T
has tile following struotural. formlataF• Q+xa+

0"8-0-
:~II

whioh may be abbreviated as f'ollowu'

It reacts with hydrasine aooording to the folloving equation.

2RR8N-0lN12""RNI + XH RaW -2i+ 20Ol+N

27t •.,.

• --- - - , ...
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A potassium itodide-tarch Indicator in used to show the end PCinto
and thin titration Is run In the presence of bicarbonate in order
to neutralize the NOZ formed and to accelerate, the zeoatIon.

Our complete procedure is then the followings

Prepae 1- NA0 accO orod~ing to accej,.' Iaooe4uazes, And
standardis lais± hNICO) PrIPArY stankdbrd 04~f 730.

Prore0 M MaCH by dIlUt 4ng a saturated 46dition of X&ON
(iu l".0 times.. with distilled wrater. Then standeadise the

sol~utian against potassium soid phthf.1ate primary standard (]Ret 8).

Prepa" 0.1 4 Ohlornamne t solution by dissolvinwit P/O
malaoulaprwa wegt(v 8.17) Ini distilled water and diluting
to 1000 4l. Scrupulously clean gltsovai". must be ueed and the
sloluition must be protected from dust, grease, and organic, matter
in general.

To standar'dize the Chlorawines T oolutlon add with otlirin
exactly 50 ml of the 0.1 N Chloraminne.T solution to be standardised,.
to a solution containing 50 &1 0.5 N KX solution and 20 al gisoial

aceticated with 0.1. thiosulteite solution to the dinappearaoce of
the Xg color'. Staroh solution mat be used if desired,

Normality of Ohioravnsn T

*An indicator souinfrhdaieis pepjared by diseolvial
60 gm NOW0J3 and 40 gm KI per' liter of distilled water.

The percentage of total base so NgX4 may be determined anfollowsta

a.Dray into a 1 00 tuberculin sWinge about 0.8 ap (0.8 al)
* of hydrasine# and weight to o.1 mgu. *

00 Rmp tec ntent of syringe, without washingl Into a
2 al lumeric laskwhich aontains 30h Al of 1-Y H SO

bo00e d 1sti11edvwater to within one Inch ufthe Mu= " or n
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the flask. quiokly stopper and invert the flask to mix the contents,and dilute to the mark,

a. Woegh the em ty $Trine. The differenoe or the twovc, 1ghing is the. weisht of the v&uWl taken.e,
d. Bring the volume oi the flask uP to 2O0 al with boi.led

distilled water and shake to ensure homogeneity of the solution.

e. Pipette a 10 ml aliquot into 6 600 m bee•er' and add about
200 ml of boiled distillsd water.

t, Tit?•oto the solution vith O.l 0 N1OR to a pH of 5.19 with
the linal 'volums of nolution about 9250 ml Brom oremol oeen (? ranse
4.0 - 5.6). indiqator may be used in place of the p7l meter, but if
ths pH metoer is s•o•oyed, the same sample may be used for the
dote rminaion of H2 4•.

g. Oalulatei.

Perosut. total bass 2

fsl ISOxf In ! 0- o WSOR X NIONA x 2,

or,.

x1~, xl 128 k 20 x al WAO xN NONa ) x ý.20'48
Vt sample

TVe percent&ag of hydrazine In nov detesuined by the followingstopo n

A. Alter the aoid-base t1tration add 25 al of Indioator
solution for hydrasins to the contents of the beaker.,

b. Titzatse the solution with 0.1 N Ohlozaalne T to an Iodine
end point, using starch solution It dsoired.

a. Osloulate percent hydra•ines
.. 29,4, Al ghloram• 15• x WfOhoraming II W-x O00

":A I Poo
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, -" ., I :l ./ ,.

t , ,.,.. .



II

Ui

aJ62R l Chler•ot!ng "mN Chloarin( T L 14
v saample

•' • 01Calulate porceni Ir~

~ %total base %'hydaie

The pecontage of RO0 may theo be detezomined.

Zn praotioe, the prooedure desoribed has turned out to be
oompletel•sa t•sfaotory, rapid In oper'aton •n•t preotoie to 0.1

•, ~percent. The Chloramine-T •titrnt appesa• to be quite passably
stable, and a weekly standardization in all that is necessary. It
must be em*pb!zaued how ver', that oompletely olean glassware must
be used to ake anA to *torv It. A traoe of stopoock gpuase will
appureatly oata'zse the dooomposition of the material and the
solution vill froth so violently an to Mpray itself ail ovez the
labor'ator'y.

1. Royal Aircraft IKtablhz-oubnt, Report #1047 (R1•TR0•0TD).

2e 0Kolthoft so •. ournal of the American Chemical Society,
4#6, P. 2009 (1924#1

3. Penzoman R. A. and Audrieth, L. Ps, Analytical Chemistry,

20, p. lo0 ji94).)
4o. .We Kellogg & Company BPD-1J8, March 1948, p. II?.

, 5. Deranbsoh, 0. J. and Mehl1 , J. P. Indumtrial and
ZagleoeLni Chemistry, 14, pp. 58-90 (196).

6. X. W. Kellogg & Company, op oit, p. 46.

"7. Kolthoff, 1. 4. and Sandell 3. B., Textbook op Quantita-
,tive Inorgalo Analysiso pp. 51. - 5ý0, Maomillan (1919).

8. Ibids PP. 550 - 554.
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COINIDENTIAL

-ANALYSIS OF DRAZINI MIXTURRO28.

:ohm 1. D*Vrise and 3. St. Clair Gant&D. a. Naval Ordnance Test Station

Presented by
John R. DeVrios

ofIntho searceh fnr iweterialm that mi.gi1t Improve the performanceof h•dreazine &* a liquid-fuel oomponent for use in liquid-propellant
aircraft rockets, ammonium thiooyanate wa: added to hydrazine with
certain desirable resuxlts. One of the moet 'importAnt, features of
this additive yas its effectiveness in lowaeinti the freez±n point
of hydrayirie. It waa soon apparent that an oxenoivoe inveas igation
or hydrnzine-thiooyaiaate mixtures would roeuire careful analytioal
oontrol. The naturo or this mixture required that exsting
methodsi for analyzing hydrazine and thiocyanate b, modified and
that a new mwthod for ammonin be developed, This study has resulted
in the development dt two methods, vhich are described in this
report. The fI%@t portion of the roport contains a description of
the method for analyzsing ammonia in hydrazinoj the ueconA, a
do6oription of the method for analy•ing hydrazine-ammonium thio-
oranate mixtures.

M 9 e0i GNIxAf.re .. .

Existing methods (Ref. 3. and 2) for determining ammonia ins
hydrazine were not satisfactory when ammonium thiocyanate was
present. The Andreve-Janieaon method (Ref. 3) for determining
hydrazine and thiooyanate has been. used as a titrinmtric method of
analysis for these materials, as desoribed later in this report.
Since oxidation with iodate yields nitrogen in the case of hydra-;* • . "•'" feain l odr~iea~oi Fueo uha xdto s.le and h.ydrooyanio soid in the case of thicoyanate, It appeared

j feasible to determine ammonia by use of such an oxidation as a
J •.,•relimnary step. The two oxidations are represented by the follow-++ •+nAs 0justione t". ...:•,..++.,,:

.2R,+ 10)_ + 4201" + 2+-'* N2  101 + 0 3-' + M2 0

4501" + 6103 + 601' * W' 404"° + 61C1. IIHON 2R2O

.B pur•ing the slstem vith air following the quantitative
titration with iodate, it is seen •tt all nitrogenous oompounds

CONFIDENTIIAL
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CONFIDENTIAL
other than ammonia are r'omovable. A suiple additional step Wam
found nmoo.pary for reioval of the iodine monoohloride and exoess
islate. This yas oenvoniently aocomplished by adding ocrstals of.sodium w•l~ito until the solution yes s orlstes. An ordinaryKuoldaiu distillatlof of a•oulaav used to complete the dete ais-
tiOn.

Si a on.Rz t rn the determination of ammonia in hydrazine-
ammoniu• t eoanate mixtureim by the method deshribed in the
precading paragraphs, the folloving reagents are . edt

Hlydroohloric acid, conoentrated, o.p.

Potassium iodate solution, O.11

Amaranth Indicator, 0,2-percent aqueous soAution

'sodium suafito, oCp.

Potasaium hydroxi1de uolution, ION10

Hydroohlor±, acid, O.IN

* ~Sodium Hydroxide, Mix5

* lathyl •ed indicator

L 4 r, The following items of apparatus are required to
determin-t--lnonia in hydrasine-a60onium thfooyanate mixtures by, this methodi

"Glass tubing vith fritted-glasm tip

Gas Nubbler

Kjeldahl distillation apparatun, using 500-al
* Joldaial flask

Burets, 50-al

Pipots

'U, Seleot a sample of suoh a size that an aliquot
will f.i V ion maximum of about 0.5 m~ll equivalenta (ineq) of ammonia
(10 m. 0 orN), Pipet this quantity Into a flask oontain ng 25 adof 12N hydrog•ioric aoid plug enough vater so that the final volume
(acid plus vater plum sample)viii be 70 ml. Immediately add from4

a buret rppzoxima *I)y O.1N potassium Iodate solution until the
color of the solution has progressed through a deep brown (iodine)

CONFI1DINTIAL
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CONFIDENTIAL
to a light yellov hue. Then add tVo drops o amaranth indioator
and complete the titration to the daappeance of the pink oolor.
Begin bubbling air through the solution alt onces. After 15
minates add sodium sulfitse crystals until the solution becoaos
olorless. Continue the air purge for an additional 15 ainutes.

Trantero the solution to a Xjeldahl flaxk; rinue several times vith
distilled vater; and add 50 ml of 10H potassium hydroxide.
Coraplate the usual Kjgldahl distillationo receiving the distillate
in 20 al of OA.N acid'. Conclude the doee rnation by titrating

* the standard acid plus distillate vith O.05H alkali., using methyl
red indicator.

The acidity must be carefully controlled for best results'
in the Androvu-Jamieson procedure. If the above titration requires
mOir thran 4•0 ml oV Iodate solution, an additional 5 ml of hydro-
ohlorlo acid shelaud be added (at that polrut Jn the titration).
The final acid normality should be 2.5 to 5 (Ref. 1 and 4i) to
ensure quantitative ronotion and a sharp end point.

Rosults. The results of the analnses of severfl synthetio
samplos ar shovn in Tabl 1. The analyaes of the samples in
Group 1 were mado using 5 ml sliquots from a standard w Loniua
thlocyanato solution for which the asmnis evertest had been '
determined both by the Kjeldahl prooedurs and by titration vith
stamndrd silver ni.tate, t lHydrm.ine vas added to those samplos by
direct addition of vbig1Id amounts of hydrazine sultabe. The,
hydra.ino aul•ate alone had been analyzed by thiu uame procedure
for amconia with no aumonia being found. smnller anounts of ammonia
wore determined, as indioated in Groups 2 and 3, vith very little
sacrifice in precision. Sanples containing more than 3.0 mq
(rodoz) of aMMoniuM thiocyanate (38.06 mg of NX4SCN) could not

be analyzed by this procedure.

In all uaoos attempted with higher amount, of thiooyanate,
reoults yore high by as much as 0.03 to 0.05 meq. It wau found
in these cases that rammonia was bmirig generated in the oxidation
medium, either through oxidation or hydrolysis of the hydrocyanlo
acid. It appears that above a dertain level of conoentration the
hydrogen cyanide cannot be removed rapidly enough to escape partial
change to ammonia.

G10lass tubing vith a fritted-glass tip Is rooowwmendod as a bubbler.
The air should be passed through a presorubber oontaining d4l. H0l.
". "FPshey17" were uqed as boiling chips. They were washed and Mdi
in the oven for rouse.
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CONFVIDENTIAL

AMALYSIR OF SMMI' MMLES CONTAIN-ING YAZIME BOLFATZAMD AMHORIUM TRIOCYANATA BY THE IODATE-•ELDAHL METHOD

No.

Group 1. bamploe "ntaining 0.1 g of N R*.H •0C 3d )6.84
0c0.'aICN(D.484 meqj 8.24 ma of NJF~j ang 9.o0% Af"TN23)'

lb 0.482 8.2i 6.OO
2b o.487 8.29 6.06jb 0.485 8,26 6.0O

o.489 8.33 6.09
5 0.487 8.29 6.06
6 0.489 8. 3 6.09
7 o0.48 8.24 6.03

aPU -U~a conai 14 01 of NIX H ;30Oi and T.37 Ma of

Oroup 3. Sataples oontaining 0.1 g of X Hs-O0 and 7.68 mg ot
ZI4H4CN(0.0484 1ioqj 0.82 xg of Xr.1 and 8.49 of Ml3)

1 o.04. 0.75 0.72

2 0.046 URg :.56

So.o46, 0.7 ., 0.75

0.047 0, 01 0.7

SChl'aaoteatstlos of the samples in Group I vere as follovaw
,:...Average NHA• found, % 6.05

Standard d~viations .032
.tand.t rd deviatinn of mean, em 0.012
Confidenoe 1±m±t at.95% lever 6.05 t O0,
ConfiLdenoe limits t X : tsmt= 2.4,7 for' 6 degrese of freedom

" Hydras.ine sulfate not added to these samples, peroentages are
-. |* aezpreused on basis that 0.1 g hydrazine sulfate is present.
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CON1FRDNTIAL
Procedure for l1tarlnntion .o HIydr•no and =tmonium Thiocyaneaj

The Volhard method for determination of halides sarved, with
minor variations, for the dotermination of thiocyanate. The
presenoe of hydrazino requires a strongly acidic solution to preventhydrazine from acting An a reducing agent. Where reduction occurred,

nitrie acid could be addeti to cause the return of the silver to
nolution vithout zny error.

The Andrevw-Jamieson method for the titrimetria determination
of h~drazine is vwdely uuoed, but the reaction or iodate vith t4hio-
eyanate is loss vall known.

The reaction is as follows "

sw" + 6 - + 6ol- + 43H+ -* 43o0 .' 6101 + HECK * 2M20

The identical conditions can be used for titrating both
hydrazine and thiocyanatmi so a simultaneous determination of these
tio cobntituents &ppO&rn feasible.

H tn. ~The reagents used In tho method developed for the
determinn•on of hydrazine and auzonium thtoeyanate are as follovst

Silver nitrate, O.1N

Nitric acid, couontrated, o.p.

Ferric alum indicator solution saturated
V6,0003)• . ('N) 2 5so0. l2H26

Ammonium thlocyanate, 0.1N

Hydrochloric uoid, concentrated, o.p.

Potassium iodate solution, O.1N

Amaranth indiiator, 0.2-peruent aqueous solution

Carbon tetraohloride or chloroform

b. The folloving items of apparatus are required for
the determinaton of hydrazine and ammonium thlooyanates

Burets, 50 mi. and 10 a.

Pipets
•I , ,odine flasks,. 250 ml capacity
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CONFIDENTIAL
Prooedurge fo DeterinIn iooay07ai•eaiaPreae of Vydraz~ne

n~.ipVal'skich a size .ht an gojvenlent aliquo
Vi f---rnish &pproximrt.,ly 2,0 meq (150 mg) of arvnonium thiocyanate.
Pipet this quantity into an iodine flask conta.ning 25 %1 of O.lX
ilver nitrate, 10 ml of 621 nitric soid and 2 m1 of ferric alum

iudidator. IXMdiately titr&to with OiX auxonium thiooyanite
using a 10 •l buret. Af leeting end point appoars 'approxiateii_
i percent before the equivalence point. Mako sure that. the fnial,
end point color is pormsnont and doom not di3$spear even after
strong shaking. Use prooAution in resnoving the- stopper from the
iodine flaskj apply a liberal otrpam of water in the stopper Is
removed.

Poedu gor 5ultano~u D tion rw o cf Hqydrazino and
3hloolqt"Arx'w -1pot an a1iuto 0& Uu
T-hiooyanat'•I ,•zlno iaixturo (a Tzxr~iMn of 5 Meq on a redox basis)
into a Blpiou-atoppcrod .frlale oontaining 25 ml of $1i2 hydrochloric
acid 4nd enough water so that the final volume is 70 ml. Add 5-10
m3. of oWoroform (or oarbft tetrachloride). Immedlatoly begin
titratiug with 0.1i potasiwum iodate and continue until the aqueous
layer begins to ohunge from a dark brown to a light yollow hue,
At this point add the iodato dropvtse and shake the solution
vigorously after each addition, The end pogit is indlSatod by
dieaopparanoo of color from the solvout layer. The stopper should
be •9C•d with a small amount of water each time it Is removed,

An internal indicator is equally suitable for this
tltxat•o•. Foqr drops of amaranth indicator (0.2 pernent aqueous
solution) is used inatead of the o.x.njo solvent indicated above.
If this same solution Is to be used subsequently for the determina-
tion of amonia, the use of organic solvent as indicator is to be
avoided.

a• s.. In the Andrevs-Jami•son method for the determination
of total hydrazine and thiooyanate it is recomended that a mazx±xm
of 5 maq be titrated. An aliquot, containing 5 raq of a l:l (by
weight) sample of hydrazine and ammonium thiool'anate would contain
aproximately 2 meq of apnonium thiooyanqite on a redox basis
(iTe. 0.3 moq on .a neutralization basis), which is muitabli for
nubsequont ammonia dotermzirujtion. Thus one aliquot servem for the
Andrevs-Jamieson titrimotrio determ.nation of hydrasine-thiooyanate
an well an for the later determination of ammonia.

To oheok the accuracy of the method, standard solutions
.of ammonium thioc anate and of hydrazine sulfate were titrated

individually and in combination, %bee* data are shown in Tables
2 and 3 where a coomarison of titration volumes shove agreement
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( TO,TAUL12 . ..

TrTRATION DATA POR MIXTUII OP AwneOMrUM THZROAA1 A!

AND H•DRAZINE BY JAM OIESON JT0D -MTO

, Vabubs in millilitrs

N o . T O 5 I - i , 10 o r 0 . l O c m l o fe if H 111 5 0 4-Standard NASON. Standard N HIR 50 solution plR544 A l

1 18-74 10.68 29.5,

2 18.80 10,76 29.58

"- 18,70 10,73 29.53

S18.80 10.75 29.57

Av.s 18.77 1o.70 29.55
Std. Devb 0.041 0.032 0.045

& Titration A t1•ttion B 18.77 + 10.73 9 29.50

Titration 0 (oombifed A and B) r 29.55
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,TM1ATION OF M3Z00MY.AT3
BY VOLVARD VBTXODa

\ .

Samiple StandaN tbjg070Jstt# r9G!U26,-ed
, Ii'NO.A,. 10 M- 1009.anarte

A. 10 Al standa4r solution plus a.• -

*1 12.72 12.76

2 12.76 12-76*

3 12.73 12M7) .

4 12.69 12.70

, Av. b 12.73 12.7,

: Std. Day, 0.029 0.026

£ 15.00 al or eslver nitrate added to oaoh saimpl

b •itration A 0 12.7T + 10.00 '(or±ignall7 added)
a 22.73 total

-Titration B 12:74 + 10.00 (or.±±nally' a~ddd)

22 74toa

'. 1 .. . .
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, (" within a feo parts per' thouBaM4d in all oases. Additional reliability

ii pWQTldsd in the oomparlson of norvAllie.o of the thiooanato
solution am aetsblihea arpntomntrioalt . and Lodometz'1oally.

The nlormality of the a=umouMx thigoye~nate solution based
on the data shown In Table 3.(argentomqtrio) 0O The J.
aoriality based on data shovn In Table R (oidimetaL) c s I0.4014,
vhiah oonverted to a entometx'io basis (factor is 1/6) ia sOOTI,.
The n4ormalities based on those two methods are soon to aglee
vithin tvo parts per thousand.

%I not o ZA computing the amount of hydr&sino and
0 OUS tl.oC~rin•e as det•ormind in the oombined Volhard and

Andrevs--Ja•ieaon proooduris, the rolnoving equations are useds

Voiharj Nethod

Mg of' tNK5 In original Sample a [(mi of ASNOj x W)- (ad or
SH43ON X (act. -t. -Of 'N14j30N) X.

of X13xN- Wo

The milligrams of Xgu= enter'ed into this iquatio-, mnist

be o~arefully considered. The ilumber must be the number' of grams
of Xk5ON in the original samplv multiplied by the dilution faotor
for Ut. sample in the kndrove-Jamieson monelhdl IXe it is the
number of ml~.U grama of thiocyanate actually pr eent in the aliquot
being titratedo

a lot ... In computing the amount of aamonia in a
sample o y1" a. ii,. tho folloving equation is used:

Ks or XH3i In original Sample

"ga"l of •oid X ,,)-(.l or base 1 .S '•.'.•- .• , •lut.on ran;,,
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A sample 8mlculalttoa is given belov based on the rolo11ainS

datas
*OVISU~AL vetightof 14sples 0.5000 jj diluted to 250 -ad

Volhard titbationo 50 al, aliquot iisedj-15.00 a% of, Ag0
added i stsa~aw, tbtoo~ayate weq~iLze4. 3.43 at !0

* - amieeon titrationa 05 ml aliquaet'uedl lodite i'.quiw.4, 50.5P

Ammonia doetonustna*rt sample uised an obtained from Jamieson
titaton stndrdasold, 200 l tuadae 68 ml:

* All stan4ard splutions aie awunme'i to be 0.11 exaept the bass*
vhioh In 0,05N.

11150Nin03'rita". Ganpie

03.~5.00 X 0.1000)-(8.43 X '04.0008 X 76.12 X 250 29

NH4~'as irie in orig5zia sample

g50-90 x0.1000)- 2500.I 1.04.. X, 1 2I50 a

aW in Originial sample

D ~O x O.1000)-(26'86 x 0.05)] x 17.03 x 55-94 as

1. ftnneiuaft RA A., end Audrieth, L. P. "Quantitative Determins-tion of Hydrazino, Anal. Ohem. Vol. 20 (November 194,8)0 pp 1058-61.
2. Vinblce, Xthy2. V. "Det 1 pinination of ftaUl Aainoate of £9011.aSrIn the Prosenoe of Hydrasaat, Anal, Ohex6# Vol. 2,) (Jwi 1951jpp 922-93* I

j. ottger, We "Never Methods of Volumotro ~hemioaa Analysis#toby Be 2. Oeapet. Now Yor'k, Van fotatnud, 1091,

. ig Hja,1pook~ 3. W. n*tos "Iouie Monoohloa'Ide la Moez'-
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AWALTIO) HSTOD FR M~XUft3.6 R~ftNI M

fI. D.v£ggi.n *Ad B.I* ai.Lak" -SU. 5. Nl1 Ordnance Laboratowr
1; Presented by

Be P. Lawriok

The Havel Ordnaune Laboratory vwa assigned the taek of in-
vestigaingml 1x¶turis oi bdrasxine, hjdraxI. altvato,' aad water' for
use as a liquid monoppro•ellat for gu•s. The phIysical oh*euioAl.
atd explosive proporties of & heiLe of mixtures vwere bo be
determ.ned. 0onuoqueutl.y, there vSm a oeed 'for fapld, yet reltable#
Smewihdis for ohemioal anlyais or these solutions. The method
developed i•, essenAtTlyT a series of aoidimde•io titrations OILI,]a ein8- e samples Pree hydrazine, by rasoonum,iobansd a~mmon& way

be determined.

Nitrto Acid, H90 3 , 0.1511, Standardue against standard sodium
hydroxido solution,

sodium HydroxidAe" WAO, 0.05, Co -zree, Standardize againsU
Buw,eau of Standards potaesium sold a hi% at*.

Indicator Solution, 0.08% broitoeaemol spooen, 0.05% mnoth.
ed, 0.-0% bromothvmol blue, rand 0.05% phenol red all dissolved

in -5% et,11 alcohol. Weutalie to pXih with andut hydroxideA.

Acetone, reagent glrade,

Pormaldehdoe Solution, 3'%# reagent grade.

"1. PFopat a small thJ•n-i•lled bulb Vith a Ooluui of 1-4
, , .. nad hvng a long ,. t~ dravn capillary stem. Rest the tared
bulb gevtly over a smalI flame to ezpel part of the air., Bubmle
the open end of the eapillary'.• n the eolution to be sampled. %T.ov
about O.1 $a of sample to be drawn into the bulb. Remove the bulb
fl'om the eolution and seul the tlp of the oepillary stem In a ma, 2.
hot f•lae. After thermal equilibrium Is. zeaohod, weigh the bulb aid
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2. place the badhlb I, 250 sa booker oe r OO with a 2-5 ad

excess of steaneM' altile "Id, Oa'weh the 814,09 bvb with Is
StLPIP.15 rod, mmu ami Wh sapillaz'7 stom to also oisoshe.

plinA" lietimao Srp of lasMp aim I 901 v

40 gulpm' heaslattem uosboasl~ so4 beok-UtiSat vsh
sMadrdawi l siuhytrum'o* -01 thas OheinSJARM -Wfom*s to

A" 10 ml at aoetoem &M sevatias WT ims so~m byUail4.
seat rpidly at first, t o mutraLtso Ow seld ltborate by

tdo foumiea of gumtpal.* he the solor at tas sod.uthmt
Oham4Pa from, 1011 tO oo MtpIth awltift of top sea Dt

awMmuleo U815m he SI t"Ntiai L-p~ .113 the MlO 110
ot blae In WS~ &A"i~ .01u$eai ibis Woto ap t M?.
ase barst waidta5 WMi subtsnt the Vogt*" burnt rah to obta~n
a* uluilto'ev hew bass w fed Ul mwtteno .94twbem

i. A"410 al of 37% forod4blb. solution to tho beehwp at
smatirns the adtttins ot stan~pu male kp 1u4is AMPUL go

before "loveSn
forNotwo

lo~t Th WU Lo a~lA teu of tsata altAto Wl,

bask,~ Z.tZ? 9'S4LebpcI4 a

VIA 0 fli "AU "a " "M or *
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% 2 normality of sodium hydroxido,*

na." normality of nitric •*Id.

The Swaus or hy4drasie equivalent to onf Uilliliter or 10 X
soid or base may be ealeulated @s ollo2wa.

I Al of 1.0 N s•id or bas o oSeos p NANj
similarly tor Ammonia,

1 al of 1,0 •a iod or bass U 0.01T0) P H I

* Thong

Ps of NM3 an (sb) (0.02.703) (Vr-Vb2.)
Ps of free X2X4 (NIL) (0,o0205), (Vh) Nb (0-09o05) (VboVf.Vbl)

Ps of total HpH4 *.Nb (O.Oý205) (VA)

&en ot 1211503 u (am$ of total N2•t - fres twe N212H4) I 2

The first step In this prooodure oonvorts ll the free
hydra.ine and free A•tmoklti (or theu• hydroxiden) into the nitrate
malts, The eoid oonou~wid in this reaocion to A measure of thedt from hydrazin•.e plunl ammoniaL. Acetone Iroaore vlth. hydrason~ms iott
forming dimethyl,•aina an• 1 herwatin a hydrosen ion for eaoh
hydrwaonium Ion, Titration of these hy4rogeo Ion@, then, provides
. mo5aqrO of the total 1ltlii paonent in the sazspe. Forwadseh~d*
reao~ot with ammoinaum ion to snimilarly rolease a hydrogen ion.
Titratiom or this Aoidity gives a measure of the ammonia present,

Hnsults of OvAluation taste indioate that free hydrazine alone
oan be dotewsin*4 with 4ni approximate error of -0,6% with a standard
deviation of 0.I•. These figures were deterained using samples
ooutaininl about 0,15 grams total hydrarine and aoid-base solutions
about 0.15 normal.

Figures tor hydla•ins salts alone, with no free hydrarnine,
would be the same. Acourac ynd Mprecison values for' mixturee of

",•': hydrazine and hydrwaine $Alts woul&d be less favorable sineo the
s-aple mine to determined by the sun of tho tree And oombinedhy..,,.dral1ns0

.3.90
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Table 1 pseeazts eoge data obtained In the evaluptlon of the
methods. Table 2 presents fipgres shoving the estimated a&our oy
for various ratilos of hydrazine to hy4zrasls nitrate* The vaibee
for Table 0 are estimted as tolloves

a3rrz'ortofroo 12N 114 x0

zrrwow ror a fx o0

A 0 Pe total Ng40 in Sanmple

a W p. f re 92H4 In o bmple

I a average error ror rive ,2)• from Table I

D 0 Pe W2X4 0ooubined as NeW2 OV

Xa w moleeula, woeight of e V 90'

lP moleculr oweight of X2114
When water is pre'sent, tho sample weigh te Isncreased so that &21%.
samples oont&LJ• about 0,15 gtrams of •totl hyraznsl:l.,

r 4 t
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TABLE 1

- 1X~TIRAYZIffS OF WPHYIiRZ-AMMONZA MIXTMRS

Sample. gms Reoovoery S it peorcet Ewror

t29 X29

-0.1m 0.1O,8 0.1*395 .... 'u .0.e: --

I 0.1o01 --- 0.1387 o.392 . -1,00 -0.6 -

0.1391 --- 0.1o78 0.1) --- -0.93 -0.57, ---

0.1391 0.0052 o,1380 o.1386 0,0052 -0.57 -o,36 4.0

0.1)91 0.002 0.1381 0.1)86 .: o.oo05 -o..r, -0o.6 -6#0

0.9 0•0.O2ou 0.1385 0.1385 0.6050 -o.0,4 -0o• -3•8

0.1406 0,0177 0,1-06 0.1405 0,0177 0.00 -0.07 0.0

0.-1406 0,0177 0.1399 0.1400 0.0175 -0.50 -0.*3 -1.1

Averas. % Rrrop -0.66 -0,41 -2.2
* Standard Deviation 0.32 0.16 2.9

, . k CONVIDONTIAL
SECURIITY INFWORMATION

141

* I

. e.



CONF~IDENTIAL

EBTZNATED ACCURACY FOR MIL5Z ?MI$ OF XXIMS CONTAINING
HIRAIINup NRDNAKINX NZRA?3 AND WATER

Ratio B&PSam We ±igt ~ poee.nt Izwoi
x ydraaufr avams HydrILgAne yWraxins XHydrasin

to ~Nitrt% 178azifl. Nitrato PIUS Hyd'Allift NItP~tS

* 110 025-0.6 -

711 0.2.6 -0.6

'31101. -0.7 ..

530,20 -2.8

110.22 -0.9-.

1:7 0.)6 .-2, -0.8

oil .~ - -0.6

a' . CONFID'ENTIAL
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TO TOXICITY OF HRADZIN3 AMD ECUXZ !LL
TXMn OF MIDMAZINI 70OZIyoI

versa V. ColePhawasoology Branch# Obomiosi Oarps Medical. LabafttOrIOV,
Awmy chemiioal Center, Maryl1and

Death froa isouto hop 10'aiePoisoning when untreated Coeur$
sartyand Is due to oonval:111on. Convulsions my be preented

fro hyramns at seacite Wih ad pparnldu to liver
dam@. Wih low doeinn. tx4t7t" in a loss of

unlssthy r e: 4coavefui1totwa and tape@ fed or otherwise
of hydrauin. d ispoered 0.9 not be used as a measure of *onosm-
twation In ai Mw.dswth st &Si I*$ shown thiat %he determined
valustaerage1 01.7 90 of the nominal vlUes 0hom there ower
aninal s nweent the obambew. Utpasuw. levels at 300 3g./N3 ,
76 9gw o 6 .g*M3 5 OILY$ Per week, 4 houws per da gave
Li~'e to rate of 27, 50# and 144 hours of exposure. An

oiiuelevel of 6 n./s On the smem mobedule Von apparently
harmleess to Fllt am dogss for six mnths and had so offset
except 0n appetite and food Goonsomption. The intravenous LSt
awe vepolted as about #5 ag in the dog and I r.w30 8m6%64.
in the rabbits IntyapeitanefalTLD,1 0 I are about 1. 0 am.Mm.
In the rat and the pigeon, samdo 60 .P In the Souse. The
Orel. UN30 to epovrted as abouat 1.50 intm t the rat*

The, deyelosweat of the troatmasot of Wfrastoo poivining
was based GOn the Lied Of reventing convulsions With a barb ituri-

-Aate While materials fMro ho Latormediate metabolism or tucose
Veos "sod to attemPt to counteract the later %Osio woff eoV ~ ~ fte intormsiiate Waq tried one* on a groupq of mise treated
With 6100o00 2P m1ouse41 sUbOUtaaoou100 and 0ase on An
Untrveated group of Blame It eitherl group gave a longer survival
than tepated theo voeultsd balrbiturate-4 aioats xpr i~ment

VASrepate. Te rsul$ o those ex eriet, v th e n inTables I and 1. It can be see0 that Na @Uooinato and Na ozalo-
acetate $ive inooagesd survival time When the Rios ireogived
dextrose bad that ft PyrUVate and fa fusarate gave 1ncreased

1.94
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survival when the mice did not receive dextrose. Those which
had co effect were Ha oitrate, lactate, glutamate, and malate.
Table 3 ahovs the roeason feor selecoting Na pyruvate as the material.
vith which to develop a treatment. it alon* wasn as good or better
on 8=1vival time than Any of' the combinations and when NA pyruvate
was added with another material the combination seemed better than
the oithmr material alone. Table 4 shows the use of the combiva-
tion of thiopental Na and Na Myuvate which wasn able to change
100 Vn;/1cPrn. of hydrazine from fatal to all oleco to.non-fatai for
all, mice and 125 u~g./kgm. 'from all fatalities to 2/3 survivors.
The effects of Na pyruvate are apparontly not limited to one

j upecies since guinea pigs shoved the sames general effects. it
i3 perhaps Important to note hero tkAt N8. py'ruvate alone is
without effect on the survival time of hydrazine poisoning in
tha presence of ba~rbiturates. Presumably any other anti-convul-
nant might replace the brnrbiturntes in the therapy with pyruvabe.
The mcohaniam of action of the pyruvate is ur1~giown but at learnt
the fatal liver damage van prevented.

1. I recognition or health hazards to personnel engagod in
development, production, handling, and using a wide varie~ty of
chemicals of military Importance, asi~de from OW materials, the
technical services OT the Army, Vavy axid Air 10orce aupport a
projw.-t entitled, "Health ITAzardn of Military Chemicala."
U. SJ. Army Chemical Corps Medical Laboratories, Army Chemical
Center, 11aryland, have been $Iven responsibility for conducting
investigations under the pro~ject and are Ruided by thel Research
and Developzent Board. In~vestigation I on specific chemicals are
initiated upon request of agencies involved in development,
production, handling and using such coemic als. Ohemicals In-
tended for ue &as fuels, propellants, oxidizers, lubricants,
fire extInguis"Ohorn, explosives, combustion products and others$
fall 'within the scope of the projezct. The project is a oontinu-
ing one, the "'end-itemna" being (a) adequate toxicity and
mocbiinicnn of action data on which madical. and safety personnel.
may base oafety, protective and trea.tment recojmmendat ions In the

caseof IAzar ous obmicala fAl' which safer substitutes are not
available, and (b) "screeniug"l toxicity data, enabling develop-
mental agenciles Lo select the least toxic from among a number
of candidate ohemicals otherwise equally satisfactory fur a
given application.

This communication Is based on studies conducted under
this projeot.



I.
TABLE 1

(Average of' 4 aloe for each figure) . ..

140 Dextrose Dextroee

Cotrol4 79 53. 69
Cit. ate,.3 .
LActate 4' " 9 :
suco±iate 85 128

ii ? INU~01UTES OF SURVIVALA B HYDRAZ IBn• (Averaso or' 4 mic e for oath f~rure)

No Dextro•ee. Dextrose

Oontrol 64 51 67 48 45 62
Glutamate 45 57
Pyruvate 122 .119 51
Fuma•ate. 91 86 50
Oxaloacetate 60 91. es

ZABLM -3

MINUTFS O SURVIVAL AFTER HYDRAZZNI
(Avorage or 4 m~ice for each figure.)

Control 43 67 50 45
Pyruvate 275 329
Pyruva'ts+ 152* . 1
Fumarate 182
Fumarate + 150*
310oo Inate 117
3uooinate+ 1574*

4% Na rumnrate and 4% suooniq &aoid
'* 4% Na pyruvate

TABLE 4
Dose of Ilydraslne (4 moce each tent)

,I,, Numbe, Surviving

"too 0 .4
., ' .•,•1.00 04

too0 0 4(125 0 .4
125 0 1

S125 196 0 3
---.- ,-.

.. , :,-- '



C011 FIDERNTEAL

DIBIJUSISON ONl PAPERS BY

iMR . 7. LUMItBCi, AND) DR. VERSA V. COLU.

TIM CHOAIRMANI Thank you,, Dr. Cole,

*our papers are now open for discussion* if you like, we
can take all the papers of the afternoon group.

MR. GAU-3. I would like to direct a question to Dr. 0o1e.

!We have been concerned with the detection: in the early
stages of hydrazin a poisoning. We bave Cound that ther'e are
abnorwalition In the blood known asHioOnz. bodies which areS
created as a reault or the hydrz'aine poinonis~g.

I van wondering if -your group has done any work or made
any study on the possibilt of detecting h drazine poisorninfg
in the early sag~es by blood sampling? In the event of
hydrazine poisoning, has your group formulated the dosages
for human being* of the pyruvate or barbiturate treatment?

DR. COLE: We have made no observations on the Heins
bodies. My own partioular work has been oonfined to treat-
Ment Ur &auto poisoning.

An far an the dosage goes, it so far to pertly guoss
vork. The sodium pyruvate, for ezwmple Im not exceedingly
toxic although you oan kcill an animal v~th it. it you give
a mouse one gram ,,er kilogram by vein instead of subcutaneous-
1y you oun kill him with it. you ares fairly oafea with the
barbiturate if you keep the individual at a lovel that he

does not convulse and une nodium pyruvate one gram at a time

I hope that Dr. Pfeiffer'u work with atrolectamide en
aemi-oarbaside poisoning will turn out to be also effective

ri hydrazine poisoning. If that io true, the doseS are

MR. GALls Would you give that name cccii?

197,
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DR, COLE, Alpha phenyl lactic sold amide.

TIM CXAIROMsN Dr. Levis?

160. BERNARD LEWIS (Bureau of Mines Pitteburgh)o I would
like to tako thle'opportunlty to oomenQ Doctors Haller and
Dexter fo. their very beautiful paper..

I wish to ask Mr. ýaadas vhother he found a break in the.
vapor pressure curve of mixtures of hydrasine and hydrazine
nitrate at 51 per cent hydraxino nitrate similar to the abrupt
obhiigo in index or roftraotion at this peroentage.

PM, MANDAS: No, the abrupt change did not r'eflect I.tself
in the vapor pressure.

DR. BTZPaHN KROP (Army Chemical Oenter): I would like
to add to wbat Dr, Cole said about our gueso work in searohing
for 4 therapeutic agent for i toxication bVy hydrazine.

Our guess work was fortified somewhat by the statements
in the literature that h~drazine is koown as a "unrbonyl.
trapping" agent, so we settled vpon trials of phyuiol.ogioaLl1
o3curring carbonyl compoumdej obvioualy one iuoh in a metabol"It
dooompoibion producot of Stucors, viz., pyr"Vate.

Xn regard to toxicity for man, we can't geot figures on
that very well because Ve are hampered by tho lack of
voluntaeo•r (Lughter). The praotical. rule of thumb thu
one mitIht use for toxicity of hydrazine vapor is that it Ls
in a o ass with phosgene or cyanide.

in the booklet, which I scanned hurriodly, prepared by
the ldithieuon people and distributed hore, there are some
eationa•d f1guren on. oral toxioity for man. According to
somo of our woot recent data, ithich have uot yet been published,
I think that those figures may be on the high aide. By that
I mean thtt they my be too optimistic. IHydraine, I thinks
is mor•o toxic by inhalation than those figures might lead one

: ~to InfOrs '
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I Ay add a qualitative statement as to toxicity studies,

having handled both hydrasino aud Mothyl hyrdasine, I would
say the latter Is far more toxic. Do not handle mothyl
nharasine outside of a good fume hboed it can give a verysorioas headache.

DR. io US1t (To Dr. Krop) I phould like to ask it you

are.referrln to Inhalatilon or ekin-oontaot poisoning?
S DR, IMON The tormer,

I think that th3 disousnion of toxioity in the Mathiloon"booklet is a very good one, as a matter of fact. The infonma-
tion essential for prevesit'Ing intox.oation Is all there,
namel j adequhte protectilve eqauipent, adequate ventilation,
and the use of water -plenty of it and tast - after skin
contact. ',I

THE CHAIRMANz Dr. santa would you like to comment on 4.
Dr. J. D. Clark's observation on the Liboration of iodine on
the oxidation of hydrauins?

DR. I. ST. OLAIR OAN'rZ (u.S. Naval Ordnance Test Station)a
One thing that ooourred to me is how rapidly he added lodAto
in those titrations and whother the levol of the 'hdroohloric
Acid was as high as most people reoommeud.

Although we didn't show tbem, we have slides with us
vhio." show that recovery data starting with hydrauine sulfate
rather than liquid hydrazine is about as high as 7ou can
ever expect from good analytical titratiaon and we should
have had low results acoording to his statements.

I wondered about what kjdroohloria solution you need.

DR. ClARKP .It was quite a strong solution but I am
not sure of its exact atrongth. We had no guarantee that
the iodine loss was signitfioant, but we wero soared of It..
When we round out that thore was n7 losam at all we weren't
hapy with iodate, and didn't want to have anything wore to do
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DR. OGATZi One advantage with lodate In that it is an
extreiely stable substance. You hardly need to heook It move
than once a month at the Past.

DR. OLARIn That is quite true, but we found ehloramine
quite satisfactory, too.

MR DMASI We have found the same thing,, We also f*Wpd
coo rdin to toBride, that a 6 molar oonrentrwtlon of ohlotlG '

ion at the end point is ab&olutely neoessary. Our expeilen@e
has shown that three titratione are usually nsosssaPT thO
firt titration In run hur•iedly to roughly loaste the end points
The sucoeedino titrations *?e carried out b raPid•y adding
the standhrd solution until two or three milliltetop from the
end point, thus pormittlag the neoas.ary cautious approach of
the end point. We have had very good reaults with It using
pr"itary standard hydrasine sulfate. I don't doubt Dr. Clark's
findings as iodine vapore can be seen ovor the solution if
it beoomoe warm enough during the,titittion. Ho•evor. our
ixpor.)nooe lA shown that ;ny lots does not doore;se :he
aoouracy of the titration, •hIch is from two to three partsper thousand.

DR. KRUM~ I am voodeviS It9 eomoe' eror could be Intro-
duced by titratibg In an open vessel, It to concei~vable that

• •~he evo ution of ,nitrojen o0ald carry cut same Iodine. Wo "
bave always stoppered the flask and shaken the solution thorou
ly between addi ons at the standard iodate volution.

TIlM O•RAIH&Nl Dr. ClAIC, do you wvant.to eoment ol that?

DR. 0lARi, I have no eooent on that.
and . 1MARDAS& We have suoeessfully titrateod in both open

and closed vonls.

TlM OARAIRMIft Professor gilbert, would you like to
oommontl

PHo'•s3OR E, a, Ol•Ltau (Oregon State college), it is
probab%7 unnecessar. ext. oomment is that. my favorlteita•ttion is the lItodtetitation uslai;t he glass stoppered
fllask for titrating hydrth•Ge sulfate. I think that Is a
better method as far as I im concerned after ten or fifteen
years of oxperienos. qjaastlttively, if you use the glass
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stoppered flans, it Is possible to get th 'oorreat results
v thin a f v hundredths of one per ment.

TIM ORAIRMAN: Thank: you, Dr. Gilbert.

Professor Schlesinfger, vould you like to comoent on momt
* of the papers?

'yPROMSS5OR X. . 3OIX82OZN (University of Chicago)$ X0,i
K.thank you.

TIM CFOIA ANi Professor Urhry?-;~~~~ ~ ~I C,. \ H ]•Z~AIMN Well, If' ther* Is 'no' f'urther• dlipoukoinvc ".
"*:: ' l' i40lSSOR 1JRRY (Df~v2estty of' Ohioseo): • I h-ve no @oopent.

I vwe will roaoss the meeting unti•l tomorrow oorning.

* we
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SAFITY IN TIM HAMILING OP HYDRAZINX

by
J. 3. Troyan

Kathleven CheainLal Corporation

" l ~RydrsL~ne to l•OOognisd as! a Veeatilo reactive Chemical#
w hich though potentially hlazaden18, can be hsadled safely it treated
with proper poecautiono Problems of a lsiOdn, fire, and toxicityare of primary conernss to personnel vor~kIng with hyda-siszn. In- 'i•
fotrnation per~tinent to theen subjects is w~ummar1Xd and evaluated'
as &A approaoh to defining safe praotioes. It In shown that
utability of hydrasine is influenoed by temperature and materialsof ronstruation. Iogomposilton msy be oatolysed in eetain oaeoe
to the pOint of explosion.

HydrWzuie Is a n•ew ndustrial ohemtoal, whose present and
projfoted uses a&•e baoed to a large extent upon it high deosoe
of reaotivty. This mane property, however has in tMe past liven
hydrazine the reputation of being In unstabie and hazardous
compound.

1t1uapprthension couotruing the nature of hnsards involved in
handling hydra'mJne atarted before the oompound was Isolated, and
has oontinuod tor more thAn tiftry yoeis. Ourtius (Re,. 1) who.
Cirst prepared hydrausno In ,o'.utZiGM expressed the oonoeotduuhat

the free base Is so unstable that It oan not exist in the free
state," The prodiotion uo Ourtius was later proved er'oneous by
rAbz'y de BrurA Jlof. 2), who isolated the anhydrous free bane, and
repor+oed that "it to a vero. stable oowpotind, and in oontrest to
hydrogun peroxide, not oxllos ve. It can be heated above 300o0
v thout being docImponad. Dospite this obser'vation, and In spit.
of other experimontal evidenoe to the contrary, the idea of in-
herent inhetobility continued to persist.

In more rooont years, misoellaneous reports of fires and
explosions Involving hy•ramine have sustained the impression that
hydrazine was dangeroual y unstable. duoh inoidenta, in which exact
causes have not been obvious, stimulate the kind of tear oommonly
assooiated vith unknown risks. Only by increasing our knowledge
of the behavior of hydranine u rder all conceivable conditions can

S*,' tfact be separated from ooeotncure.
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Au •tt.-cipt is made iiA thL report to rUema•piie WUluu or ul
available Anforantion prtinent. to the aubj•ot, to define the Iauvna

areas of safety anld danger, and to describe general safety r•ulesvh:Loh have boon used by Mathieson Chemiloal Corporation. PhlylologL-

Cal hazardfl, In addition to those related to dooompoaitionp fire
and *AploslIon., sre included in the discussion.

Physical, chemical# and thelmodynalo 'properties of hydralune
have been covered in oonsiderable detail in the exoellent book by
Audrieth and 0p (Ret. )). As baoekround for a disousuion of the

usarde Involve In handling hydrasin certain of the pertinent
prepoperies listed in this book aora mowraiued herevith. Sipple-
Xonthry data, taken from other literature souoes or developjod in
the I.athloson laboratories, are also reaorded,

l'rx~ft. Anhydrousi hydrazine (Itfh It t a highly POlar, hygro-
sooplo• -Aud ch will absorb 0O0 ula o•(aon from the atmoafpheee,It wolts at 2.0O0, and bot~s at 11'.500 .(700 =m Hg). 5H9- e ;ti
density As a solid (lal4/-5O0) Is higher than as A liquid
(10024o20ou), there In no danger of rupturiag containers under
freesing oonditions.

Vapor pressurec are repromonted by the folloving epirid.al
equattouI

1.oj1 0P ("i HOg 7.8068~7 - 1680-745/(t +~ 227.7 4)

Valuea are plottod for roforenoe In Pigure 1, Above the atmosphe•re
boiling point, data re osad to be lose reliable d*e to theroal
dedeipoutibon. ;,or OiM t onIneo.ing ptirpobso, the rouulto or
Labry de I~u- (Redt. 4) givon in Table I arm sutfioieutly accurate.

TABLE I
YAORYR28 h~1 OP_ AtWrMROyA WRAZIN

Temp. 00, 113.5, 140, 170, 2o00o, P5o, 0o, )50, )80(Te)

Prsns., Atm.e 1.0, R.3, 5 10, 26, 56. 104, 145

AooordinS to the literature, hydrasogs and vatgr faOr an
aeootrope rixture which boils at 120.)0O (760 Ox HS) and vhioh
Oont&ain 58.5 Mol .N *. Move recent vork roported by Duanna
(Referenoe 51 and ourt e (Rieferono. 6), 4114 verified independently
jb oou laboratorLes indliate that the aseotrope composition is

clanor to 55 40ol M 21I4 (bf.5% vO).
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FX'009111g POil d[tht~ on the 1d'Hi -1L 0 ryatem Lijitv ths compounxdMifU I•.O to be a stable solid phaO mioting at -.5 ,aoo Buteo losGkint it Q9.5 Mel % (-88o0 m.p.) and at 56 mol % (-,.).o0 M.p.).

h From a striotly chemical standpoint, hydraine inQlAs -" ". d11a very oatrong reducing agent, and a isildiy alkalinebase. It reacta reAdily and *xothermio,1ly vith wout ox•dizinga•,nt~s, the uperd of roaotion depondi.ng upon oonri.ntration, tempera-ture eatalytio oo.ditbions, and the speolfic .xidiLsoS agent,

1x9taoplfoe of cxdising acente inolude not only the elootro-
negative elements, and hiatly oxidised ooopownds, but also loveroxides of some mvtalm and even certain metal Iona. H)yd'aine maybd liqUid or vapor, 0o0 tntrAtr d or dilute# free or in combinedtrorc, Principal prodiiots are usually Xj and O, bu tIn some ciansesaubstanatial amoun ts of I'll are produced. Typoda bureat ions cncluda,roduotlon of ncalt or oxi.•e of copper Iron • ..vor, morcury, andmanf othe'r aimilar , .motala. Renuti .n vith Mo06 PeeO, n4- 0200,"
0uO, PbOp, Or0 , A 10 £nd Ou(NO.)0 may ba pUti•t•aNLrry vloleat.Thisa Marekd .ao2vity A'noooelora.ed deoopocitiotn and evenouttond fies during i•ne and storage of hydrasiie.•

Atmospheric oxidation of h~dra$iuo Viii ocour ,f care o 1 nottakon to exoludo n±r'-, It haa boen reported (RaTf, 7) that 85A
IN'0 WtJX{0 is oxidtaud 'ou•,hly 5% por: hour rhea violontly Agitateda I Noo teaperatUon, Whon not aitntoed oxidation rate is only0.01%/hour, Retaos are grenatly aoooeratod as tporbture , is r'aised.

_v en Yheu oxrgmn is absent, hydrasine i.n oapable of self-oidation and reoduction, forwin nitroaoen and awrmnln. Tile latterreaotion pceeoed at a lioglaible rnta at ambiont tumperatures andundder orditnry oiunstanoes, In th0 prosenue of ourtain catalystsor otalytic surfAnes or at 1highor tomporaturve, ducomposition veto
inoneaces.

v. Ooubustion of hydmaine
as a ý Iee

~kcualt to initiate wheta the"torl i.s oold, S .on vLoour or,1.:o vhon topeormturo hasbeen raised above roughly 1004F. When burning froely in aIhydrmaine behaves xuch like gSnoone, flovevoe As heat raises1 itstemperfiture to boiling, hydre•ine burns fiorceoy.
Flash and fire pointa (opon.oup) for hydraeaio-vater mixturesvore detoermined reoont.y 1a M•41th.•esont laboratory. Data vereobtained ucing regu'al A Ti4 techniques (D92-.46), except that aglnsa OUp van eUbutitute d for the metal to oboiato any cotalj•ticeffects, Results are lotted in Figure 2. Ylnrjh points of 100%

N2 114 and 8A hydrate ( X2•. 14 Nl) vere 1250? and 19oF, respectively.
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it in atuuunt4 thmt thm closed oup rtauh polnt forr 1OW6 aN(,1
vould approaoh 1040P, vhioh is the temperature at whioch 1qquLAZ
hydrazi-ie has suffitient vapor proesure ("5 mne HS) to give an
exploalvo mixturt vith ai.r This lover explosive limint, ooarre.
poading to 4.7% by volume in Air, vab reported by Scott it •1
(Reft. ). Table 11 shovw comparable data for other fuels at one

atoosphere, 10000, and vith dovnvard propagation of the "lonae.

TAEIJR 11

"" C~~mponund •:

Acetylene 2.7

Methane. 3,2

Hydrazine 4.7
Sthano 6.0

HIydrogen 9.0

Carbon Monoxide 15.0

let 0caitrast to muot other .tuols, hydrasine has no upper limit to
the , artgo of explosive coneentrations. Although unuuasl, this
bohavio .s not unique. At olightly elevated pressures (14.9 psigorzo reo•T.%no osme behavior in exhibited by acetylene. "

In oontaot 'tth catalytic Ptuwtots, ignitinb ot hydraaine
ocours opontansoosly at a tE•ripaat•reo dep*ndent •po oonmposition
and condition of sutafo.a, Ant on the oompoi tion of tale vapor
mixttwe. Datua -on a ontimienus igmition temfperatures cover a vido.

a fger-- from lesa ýhan •000 (for liquid N H, ;n oontaot vith
r7anInQ. ln 02 atmosphere) to more than. 419o0 (tow non-oatlytio
uur•t•oe in absence of oxidants). leaotions betveen liquid hydwa-

ineo And atronger oxidiving agents may be initiated at even lover
tomperatux.'oe. ooults of ianition tote otarried out by the
Ouroau of Iineo (Rot. 8) are shovn In Table 111.

ý44
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TABL,? III

MINIMUM IONITION TEMPEPATIME3_OF MRAUM

Ignition Ignit. Lag,
Surface ZOoTIPar go_ SMO.ngs

Pyrex glass air 270 3.9

Pyegx glass 02 204 O.9

7latnul air 226 .. 0

Platinum 02 .30 6.0
Ferris oxide& airP 23 -

F•'io oxide&7 2  2."-

Blaok iron' air 12 Instantaneous

Blaok 1ron Ni 131 instantaneous

Stagnle-s nteal ai.r, 160 2.0.

s 8tainless steel air 156 0.9

S tailteuss steel $2 .

& Powdered FegOj spread over bottom of flank.
b Spar•ing, t ei rod loat. FP1e aft•tr air entered flask.
o go Inition up to 41500.

Similar data ware obtained by Pioatiiuiy A4a•n•al (Ref. 9) for
ignition of hydrazine in air. Temperatures of ienition vwre 220v0
on oloan iron, 1)3o0 on Iroa ooatr.ining a film of Fo • 11000 on
oxidized Woods Moetal (50, Bi, 25% Pb, 1.2.% Sn, 12.5; 2a) and

* 22000 on porcelain.

It Is notovorthy that even In the presence or air, the nini~muU
obnerved Ignition tomperature over non-porous, nfon-oxidtzin nuolide
to well abuve the boiliite point of hydrazino. The ignition tempera-
turo of 27JOO for hydrazine in air over Pyrox glass is oomparable
wvth values for eoao of the lover parAffian hydrooarbons, ranging:'1,,n P.1800 for n-ootano to 462o0 for i.3obutaue, Measured in the
iiato apparatue (let. 10).
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qualitative data on spontaneous ip.ition of hydzMUxil, In .,
inioate that the lreaoee oof odzising solids ii not noeoessar
condition to s pon•"U g Ipitieo at poem tempevatuapo or below.
Such Ignitialo wae obeeryed at nsth*•ooa when asbestos, expanded
veomloulits kiesolgahr, esadust, and omeo i•tl pomwdezP uit.
Roistemod wLth hyzmauLae a•a exposed to the at"Goephops at w.o-
teixporetuzeO *The phenomenea • s similar to the spIantalav@ lixt tie
of drynthi all, etaiti with elew ozieattoak =d1er ooadltiOa that
provot• o diee potion of the ohat as fast as it Is lot. eIted
and proceedi•g faster as the tpon•rstur, rsess until the iLPtle*l
tinpea oiatue i psase . th efrom or the porous sold my 'be
oithor catalytlo 01 simply that of a barr••o to diie•ipas•.i op heat.

Prom the pwovso•soy note* fact that hy•l•ains vapor bam so
upps limit of ezlO:ive osoeoatration, it I$ obvious that the
psofeeooe of a ox l sital &$aet is ant a noeegmavr condition feor
1oeioo siti.oat of hyasiue v.por. The saoca libo6Oate. b -d-
Composition of hydasi•ew vwapor alone mao suitabloe eoditeL or .
tempesature and omcoentzOation ts suffrieoit to plopais•a the reetiou
as an explosive wave.

leauseo of the low vapor deneity at pressure, ot I ata or loss,
the explosion it act violent at to ratmiem up to the normal
boiling point of by1uauize ( TO•.5o0). At tempOeatu••s below 10000,
the sturated vapor in oontaot with ooeess li•uid so he been
exVpoded in glass ve01eol vitho•t auP uwi then (10"r, . FPur
hydmastne vapor (without oxidant or dlv.onzf) Vill paopqato a
explosion initiated by sa sleootoiPaePk $At anY pMONeuze above
about 19 =m N, ooorresponding to eat liton %t about 3300.

Non-oidislagl 8o mixed with hydrmzine vapor tend to laoPwao
Io pL41 pressue Of o1al tdm&mred• to pro at* am exposion.

Tablo ZV pulwlsoe 'dm (96t. 1 an exploslieo IlMIe of hyi•rant
vapor' In .i2U3'e with several inert diluents. ZA"n t geerlte
m1nman explosLiw conoentration decreases as h total paeeeuve
"an temperstue incoree but theoe factors are of less Lwpoteo
than the nature and pboportion or the dilusat in the aults. Zt
in to be noted thai asmanais towa efteotiwe than water' wapor,

heliLu, Or ltreopa fik repro@m" the gopaation of oupxlositeIn hr•Mno.'4 vapp P, o Us dittsooo boeooea IM end IJ Iz Losll•~
the ezploesvo M as Val slso ehohm byr swor, d z"GtoF". 1). h

With _ ..g p4dd4 I, an oxploeio Mixture will not exist below
87'0, wvohic tshe tlempezatuo oor'eopon 1.4 to the vapor preseue
• iuiq the lower explosive lmit oounentration.
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Vol P o-

Diluent. Totff 41__ __ __ __ _ Tamp Q()

None 100 12 12 29

Nitrogen 38.0 754 286 109-112

48.6 185 90 100

Helium 37,0 . 57 7 280 105-118

Vatez Vapor 30,9 789-889 24,-275 130-135
W # :37.1 251-265 93-98 100

n-heptane 85.6 695-714 587-611 115

Ammonis 61.2 147 90 100

Probably the most lr 4'ts4t, yet often the letst desirsble
ohoemioal reaotion vhich hydra.ine undergoes Is decomposition. This
=a$ pr.ooeed aooording to All o eany of the equations listed belov8

. , xg + 4% (1),

2t 2 4 -4N 2 +H 2 +2NU 3  (2)

N2H4 ---ýN2 + 2X2  C')
It Ins 1enerally conceded that asmionia produced in the first two
equAtions is d.ssociatod to the enleenta vhen teUwpraturs &are
uuffitoiintly elovated. May uaeo4tcnis foZr the ohaiii of reaotions
iUvoIved hAVe a3rendc been desoribed (Ref. '3), so the topio viii
not be divounned further In this report.

The rate at which hydaino deooopositioA proceeds and the
rolativo quantities of the ond products (W2. and UI1-) are
lfuluuenoed by tem~eriture aid by the presence f catalytic surfaces
or ziterials. Thase twor• fators atr considered belov ,

'nh-' rl "coon cuit on. In spite of its thezrodAua•lo instabil-
ity, ~�-�-�-�T�so a o o eoomposition under suitable conditions
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of storage is so low %iUS Ordinary WQ_•S412 welee sno serious
problem.: For OXMG ui~o n She PSA of a roq_- Ibyt• no. ha beon
stored for any mont~hs with as IVAIeatlo ot prtioure rL•so dueo to
gasO evolution, fII~thleLoIoto e9e~lo Vin e a1 "as Ga.inPf.irme bF RRZL
otho•er Using hbildnaLa, 0.out~Tsers o,? &•so, al"Rtlo• kad 304 or

347 satnlless st•e•l hye" been 1Invl Wd.

DeoooposLtion•at Ohdwe v.ne wan studied in our laboratorlies at
th~e b o.lingl poit• • Poom l tmIInperature. gie which was ewovo

lamely7 a• hod the thSoo.tioal composLtLon expressed 1by
eq 4on WT."o 2he perwent of h4•raI•ne decomposedw per y van

oaloulated fro1 so is @e of als Liberated, Central test@ In
~ox alas. at 11,-1MO Indicated that rate of doompOeItion of

N Rg 3deoreased vith time of Caotact. eo highest rate ooourred
In Ah first fv hours as surtfce vas Apparently being dea•tivated.

Deooaopouition values IePte seYveal houPe veoe.1-.2% pol duy AvO
after two hundied hours, 0.01% per day.

Ooi .dewable work on thsrmi1 stability at tempe,'atua'es above
e boal nI t Us been dose by Jet Propulsion Laboratories- ~~~ ~ ~ NLI !(O' ).8togoP of oo011spoa on at tesiil•peot~e Uip t~o 26500

•)lid to the followingqt doom sonet

S1 Gasde aious h neli in the presence of A exces of liquid
at 0 or lewer Goe ses at a prediotablo rtwe vhich is a
function Of tem•eraetUr. Pioducts air 113 and 12-

2*. Above SCOOp eMoln the amoo4 4eOOmposes into the
elements.

3. The aeastiem to vail o1atlyned sand ate Is Independent
of the amount of 1lqu4d In the test ohamboe.

4.. certain inteilale significantly Increase 4Geoopouition
Paton and aer usuaily mope important than surfaoe oataly•ia.

S. &ta•rtie ni---fitktý can talytic sUPfoes OP materials
have aMrs PN AU" *team, the statoility or hydrsstln. than

does te• vta o .• he eatartio OUToity of certain metals is
disoussed in the follow&n seetions.

a. ve ls labormatqx *test rer carried out

20 ppm ooneentramptie M•ee•Ing deeopesiti rouatse by the
gas evolved. Wheooas the ceontrol cewmd 0.l% X11 deoo seossd

topp"le 4 ean a rw~p ate ftozi.. and enUePL Lane
aoonea 0.7,90 04umlain respetively. samples| " :•/':'i ;"-'•::++,con ta ni 8 •ng ~ m al se el, all at $, and siost a eo Ions, v bro-
equal to or nie mtble that a % the o0ot11.
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In aItud.Ia conducted In tho pr'esence of atmospheric
oxyg.n, Audxiloth 6 Mohr' (flat. 24~) found that traces of
dissolved ooptor' strongly catal ysod autozidatlon of hydraxlne.
Iron, cobalt, chromium, and niolcol vwer not catalytlo.

Although hydrazinei produced and stor'ed In stainl~ess
stea eqipmet, ori ofion, chromium nickel, @to. will.

not be present unless the~re has been salt 'or acid contazdna-
tion. tindor such circumstances, corrosion of the metal mAy
oIccur. Obsaerved decomposi~tion is thou guaill d a to the
10talliq Ions f h

b. p_. n finel odaividedaorm, zt#2s ouchg

117drxisedocom~mitone, * ef eti owassmdtoa bede 1
bothc~tededsurfce aea nd te seific mtrala inolvuedee
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Dboompoettlon tests danductad at 500C in ,mall ioylizdei,
of 347 stainless #tool a.hoved that (1) 95.5% N9Xl decomlposed
to KI• and N 1 (2) rate of deoomposiltion d*ogrsed ineoa1ry

ivth h1me (OaSo1/da1 at a hours; O,O02%/day at 293 hour)j arnd
(3) deoomposition was greater when more vapor phado was
exposed to the metal (see Table V).

?ABLZ V

DE0ja*1;j 14 4Tn JQLB6

R -A - ;. ,

24 .14 .011 ' ,72 .069.

150 .047 .0026

.50 .0.36 .0020

Date are plotted I.n Figure 3 along with other deOomposi-
tIon results obtained in Mathiceon laboratories. eleotoed
data reported by B&at lle (Hef. 15) are also shown for
Oomparison, aValues Are awinarized in Table VI.

In a 55 gal.lo= drum, the m,.,aoh/volua..t ratio would be
3.5/1. In our lAbo.,atory rwus, using 24 om aamplom in about
bombs hbd ratio. Battelle data shown In the figure

wore based an experirnents using a 43A5 ratio. This may
explain. the highor deoomposition even though runs Vero made
at 6000 rather than at boiliaS point.

Molybdenum metal has been observed to be a spoifoia and
potent a•yata |. for the decomposition of liquid hydratino as
vell as fusned dihydrazine sulrate. Thero are several standard
types of stainless ateel vhich contain from 0.6% up to 4j% No.
Averae content of other staIrtlesrn steels is about O.l5)6 vith
0.0 •l equentlZ noted. Evidenoe is not suffioient at prosent
to warrant set Ing a Mo toleranoe on steel for hydrauine
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- ~LMPAZI DICOMP081TIog HAIRS

ISPktW alLa &Aag De@@mpogitlou

I&athim Lgn mats
Control JA ?r'wx 9% 14 55 .0
Contral In ?pwer 9 11416.91
Control inPyam.X 95214 2 .6

304. 4% ao4.5 .0.78
304. as% 40 0
304 'as (voidod) 45 44 .2
304. me To1314 46.5 .0

316.. 5.2 .08
AluxaAMna .2g 5 244.

54% 119 4.0.5 .0

Drug(Ret 95% 114 .63 1
K stool 2146 .7

Steel (ut) 19% zoo 4.0 #233

Re % lo0 ?20 0134

Ooppin' 9% 60 720 .896
X Zwa 9% 6 2

60 720 .151
30 so4. 95% 60 790 .135
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oqijipsout belov 0.5i%, but It clearly indicates that twpo
contattting movlybdenum should be avoided. These would Include,

3o), 16, 317,, 329, 416, 4I20P, and 41P0F. Although types-
i~an 147were rocoosndod for Mathieson urs i* shippial

containlers, equipment, and piping, msat fabriotion In the
last few years, has been with 304 ovtng to the un~vailabilitW
of 3T

Olin Industries (Reofs 16) haves also established that
f'o11 inum strongly oatalsbes the GecooaP01stioal or hydzauiae.

Cl~nles o vrlon mtalVoer, exposed In the vapor phase to
rof uxing hydrazine and decomposition was measured by pries we
tiese flue to evolved WI and No,. Data q4'e sumrmariaod in
Table VII. It is ale&2.y sobaf that 31.6 stainless steel and
eapecially Hastelloy A are decomposition oatalyetoo

TABIX V12

VAX2P PBASE DFO0MPOMITION OX Wl2DHZ&UR

(Pressure Alss, mmn Xg in 1I.5 hours)

347 on 316 as
Tom* 00 g1tak 110 go ý6ý _0_m Mo ick Hisolr

50 1 1.5 1.18 5 117.

75 1 X1 19. 19JV 79 198 (2 hi)

115 0 a63 209 146
4J 1,20.1. Ka

b ao - l:I A, nu fir inhibiting materials have
boenproosP 1,o 13 I 1 to roduoo deomopositi~on o03hydrnAi116 W11ih Lis oata{ sod by various mnetals. One of thes

mlost eignitiount materias ar parted effective was 0adAIUM
added as the aoetate (.I-.!% or employod, as surface Ongt.n
The markced lmprovosiont in stability claimed was verifed In
our ova laboratory tests.

LLi-11d zywlj.The conditions unider which liquid laydrasime
decopoo t ontr 1led rates, or gaeo*us hydrasine explodes
havebol:0 disAouitaed In the foregoing section.. It In deirable Ao"to oonsider the evidenueo pertaining to the possibility, of explosion
In tile liquid state.

Because of suspicions that hydrasine, might be explosives Itssensitivity to various typos of $nJ~tiatial impulswo was tested by
the U.8. Bureau of Mines (Refs 8) . The liq~uid shoved no in~dication
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of'scas81tiItr* &Mse orpa fric wtion, nor to olostiostatlo die.
It04stb d4S'k55te b[ AsNo, 10 4M detonator

eesu"to at "OS~rtwaes up to54 IsA. to" te laweur, a
Oatssste0 tohs dtab lt' so, th sasha I wl ontwe At Ne A f Thlie U s " Is&thb e U soI ear Werme Insered5's ~ @1 o~m aesdf's the tMdgs~s~. tabsPT 8 M ASS* Of Slay

ZR the Oa~ueut.t~.fe 8) 1& 10116h 10 MOi chargesOf adYauiaVeroi' fired Witk A zdetterso.g hyrau'a'a~ "Shm~wd
. va I A1f f' 5 ' as lasoeationtmt the rasws detoase m,16 s ther emtons of' oost~ineatits a om a, ItWould 4"Soeres in 1,w bsl t a tim :l ug a ciis tedaS tul oapomt Ia a she O sILetea as eupla A"w perl

G har*e was for tbtew lm tai by thmas iepLeto testsoswmi~ ~ ~ ~ ~~OM 00ttwbhoe b ijsv~,a. A specal detonatorwas fzuwt4 In them$ teats 34 emet With liquid is a9 00' to a lead plate.thpidaste as VAN hhIMei ra *everso assr5Mg1111ltawrI'Oied In the wit 5sat~aireu COMM~I:s of a plate$iith 11aimlaw plates ftrG aso blemim 01101 that the ivdrahsias did

AddI1otoej'L&t Oa n aso tJeack of %~eI t~y~ of liquid imydwsisahaes alaso beck mA'eoe by The IAOA (Set 1) ;oeat$ Weoe Mw inataimisas~ ~ ~ ~ ~~9 111,u~n o le~mcapaR a of tetra.
wuptua y ein i tho Mae of ILdetonating shame, Lidaiio g~20the stsbilg1t7 of hydra'sist to shook.

Whc AMP&&Aden 2AM hsGUSe ot the ease v* tiUZUwo~r-anbe isitite it Is i-pertat o 61:0= Of he sswwe %"It gar a lt from00101 anthew dawta fa iet may euista~ If Masf uweia and

Mims m''a Ito 4@1e440008441 to Ito 626m1t10 the heat orwe. i~a s urfl'ela so faid 6 'sturt ois of about9530 *At the mold tIn 1 'stu, istlofiti of anyasat tht wuldimae 'aul hemslow dotW gitig, at
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roJ.zltvol y low tespatatiru Is so nearly 4 ooPlato at auy reasonable
preneurs that the only reoution that need be consLdored is

1(2X4-4 W2+ 242T

Ysing tabulated values (Ref. 19) of ET° -ZoO a 0 d

for the gaeen reIulling from exploslons, the heat conteoit of the
reaction produotm at the original temperature can be easily
osimated; and this, added to the heat of reaotion gives The total
heat content of the reaction productso.from • h•oh the final tempepz-
tuir can be estimated.

Table VIII shows the resulte of several eaoh oalol~ations for"
saturated hydrazino vapor in the range from 67 to 17000.

TABLE Vill,•LVZ , q 1•I

Initial Initial Tempo pirml
T-Mmp. Priess. Rise Temp. Ra~o ji~jFoar
00 ~ atL. &LL..

67 06167 1)60 1700 15.00 2.50 22

87 0.386 13l9 1709 1'.93 •..!0 66

96.3 0.•53 1344 1714 13.92 7.69 9.

113.5 1.00 0 334 1721 13.35 M35 181

140 2.30 1322 1735 12.60 19.0 411

170 -5000 1308 1.751 11.85 59.3 857

It air Is mixed vith the hydratine vaporj the frobt the hydra-
sine dooompoa.ttion is hurned, yielding No + Ho0, v th either Og or
HO it the air or hydrogen is in excess. Beoafte of the large nest
or the oombustion reaction, the pronuuro rise for explosions of
Air saturated with hydl.azino at a total pressure of one atmoophere
is greater than for oxplosions of pure hydrasIne vapor at the same
tomporature the difference being greatest for oaxtureS approxiat-
1:1 the atolohiomotrio proportione f•r omaplete oambustion.
Caloulated values of final tamperaturoe and pressures from
explosion of mixtures of air vi th saturated hyfrasine vapor at one
atmoophare total pressure are shown in Table IX.
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Initial Te~OpD 0 OKI' al
-94 zoo'

I47 712 18.5

37 00 100

87 9526 156

96.5 R971 16,-

If nitrogen is oubotitutu4 tor air In the mixture the
Mlonllated waxlmuia proosurs in doorenond mha'plr to a value only

sll•htlj, graont is' thlan t oa pure hyd ahiao vapor under dodIAe4
pressure. At 9700 the Onlou1a od Waxim pnsu• ura* is 76 Pais,
and the temperature ise 1N !:Ua a. Belov 87 0, •t vhtoh the vapor
proaxuze of hydra3Aiue is eq1~ to Its oalculated partial proessou
At the 19wvo, oplouLve limt of mixtwues. vith nitrogen nt 1 atis
(Table V), no eJ.ynelonn should ooour,.

lRaxLmum caloulabed presaur•s resulting from explosione ofI saturated hydrdaine vapor, a~lone and mixed with air, are plotted
ag•ainst aturation temporatui. as sol-id lnes in Figure 4, The '
brokIn linGs represent nitrogen saturated with hydrazine at I atin
total pressure

It is to be noted that although the maximum prossure developed
by explosion of the pure vApor doarsaves rapidly as the temperature
in roduoed below the atyo•,opio 1o1iling pointp 4t dooreasem but
little ivtth teniperature in that ra•go, it the pressure in asintained
by admitting air, dovw to About 6700 where tho hydrasine and air

aoe In stoiohiometrio ratio# b3elov this tompovaturse, the maximum
Prosouiv decreaees rapidly.

The chief advantape of padding with nitrogen, is therefore to
prevent rorminS air mixturea that remain explosive at xodera•ely
low tomperatures. Seeonlarily, it. to to be noted that dilution
of hydra•ine vapor with nitrogen nArkaedl), decorases the maximm
teomezaturs. although causing a liglht toroase in the maximum
pressure developed by decomposition.
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.Prvy lolQ•.osl Ilaasjdj.

The qualitative knowvledge t~hat hydrazine is toxio to atniml.
Is almost as old an the ocompound Itself. Ourtiues (Ref. 1) stated,

and In 1890, Leav (rot. 20) announoed that pleaits, f ungi, lover
animals and mameAle are killod by small quantitiee of hydratine,

D'u"Ing the sueneeding fifty yeare, several studies were made
on the physiological effeots of h'drazine In experiMont&l animals,
but without obtaining quaatitative data that would be useful In
ovaluating hazaeda of Industrial eAposure. 3•3•ilusrly, experionoe
in oomorolal produoaion of hydrazine hydrate in Germany resulted
in qualitative obsorvations. on resotioono of human subJeots,
espeoIallo to bydr:xine vapor In the eyee, but still without any
quantitative data on the oonoeatr'ati~n involved. Thess reports

* contain two valuable implioations, hovevert

1. Thu vapor causes serious alsoomfort to the eyes in con-.
aentra'tions vell below those required to oause general symptomsor damage to other organal and

2. The effeot of the vapor an the eyeo In painful, but oauses
Po pe.rmiwcAt injury.

Subsequent reports on readom observatiwms of quostionable
objectiviy have amnribed to hydzar•zne numerous effects, some of
vhih may hv:e buuix of p'yohologiln2. origin. In the absence of
dofinite ovidenoe to the ontrary, thene reports had to be given
duo oonsiderAtion in tho formulation of safet, praot.toes for our
original pilot p&ut operations, with the reult that our sttndards
were strioter thun naoessary In uome respect,.

The need :o'r rliable quantitativ, date has been partly Net
b" . otudy made at .he Thiivtsraity df Southern Caltiornta. Tiea
report -(Ref. 21) on this vorXc constitutes the boat and mros com-
prohonuive treatwnt• of the toxic Uy of hldrasine to date. Inthin stu ty, expermivintal anials Irats, mice, ribbLbo, p•ieonr,
and oat) were observed aftor memiurod doses of hydraxine ad-
ministered in varlous ways, and autopsies were performdoi on the
animals that vere killed.

t'rom data on test animals, It was concluded that single douse
of 100 mg/kg of body weight or daily repeated doses of 10 mw/glg
(oorrlespond ing to 7T gran•s and 0.1 gram•, respeotivell, for 14d
pounji of body vaightJ vould bo o4tromoly dangerous for a man.
The &oute toxio oses for "a was estimated at 0.3 to 1.0 grams,
or about the @sam as the daily repeated dose that vould be
extremely dangerouls
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Inlalation tests of I hutir duration, chiofly cai albino miceO,
iandiontud that single or ocossional exposures to 1000 (by (b
volume) Jn air are survivable without apparent harm, 1600 ppm Is
dangerous, sometimes lethal; and 2000 ppm or more is almost always
lethal. It was remarked, however, that "the acutely dangerous
concentration In air is ruoh higher than that of ohemicals such as
nitrogon dioxidi, carbon wonoxide, and hydrogen suJfideoi and it
vas suggested that "acutely dangerous concentrations would be as
i:ntolorable as utrong concentrations of avJaonia." It was noted
also that "hydrazine vapor in air can hardly be classified as
dangerously toxic La the ordinary sense.•

It is Mathieson's observation that physiologloal hazards may
be of major concern in the handling of hydrazine only when relatively
concentrated solutions are involved. Dilution raduoes both the
vapor pressure and the corrosive effect to such an extent that
solutions oontaining less than about 25% free base a±re no more
hazardous than solutions of many other chemicals.

The moot serious hazard is apparently from accidental splashes
of conoentrated hydrazine In the eyes. Proper use of goggles Vill
prevent most such eontaotesl and prompt washing with vwater should
prevent injury when opl•tbus get by the goggles. It is reported that
whon hydrazine in ouncentrations greater thau O0% comes in contact
-with the eye for short prlodsa, permanent dama.go may result.

Accidental contact of concentrated hydrazine with the skin
will oause a burm unless the hydr.izine Is washed off. Buined skin
assumes a slightly bleached appearance and swells slightly. If
more than a small area of skin is involved there may be toxic
effeots au well. Protective olothing has therefore been used
whenever there is dan,,er of splashes; and provision is made for
prompt ard thorough washing of any hydrasine that reaches the body.

The vapor is apparently less dangerous than formerly believed.
Our general rule has been to provide enough vebtilation to avoid
any noticeable odor of hydrazine in york spa,.os under normal
conditions. The concentration at which the c1or of hydra-ine
beocues notioeabla has not been determined, and presumably varies
with the individuall but we would estimate, on the basis of our
experience, that the odor threshold is somewhere below 100 ppm
an compared with about 1000 ppm survivable for one hour by mioe
without apparent harm.

Mathleson's only plant experience Involvlng exposure to fumes
appears to be occasional headaches. These have shown up when
operators have worked in close quarters for extended peo-lods where
hydrauine vapor was apt to exist (druim filling, sampling in din-
tillation area, etc.).
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After several. years of pilot plant prOduotS.on0 ezPerieno,c it
has been. observed that the most prevalent health hazsard Identified
with hydrasine and its salts Is dermatitis. Even then, anly
relativ:ly few oases have occurred. Zn nout instances, the sour**
of 1zr'i atlon appears to have been acidic salts of hydrazine rathe7
than the free base. Mona aind dihydrazine sulfate and hjrdrazin.
hydrobromide were specific causes In several. cases. It has not
yet been possible to separate the effect or t.he InorgAni Sacid from
hydrazi~ns proper. Nevertheless, the salts are £assumed to be
haziardoun or toxic to akint and are handled In. a manner to prevent
Inhalation, Ingestion, or akin absorption.,

t1 22Ea&IBJIfL In formiulatin. specific rules to be
followeda in duia agndo operation of plants and equipment to handle
hydrasIne,, the following basic fact&,, sutmmrizing data from pre-

cedin secion should be talcen Into oonsidewationt

1. H(ydrazine vapor is combustible. Air saturated with it at
temperatures above 1040F QIOOO) 'i a". explosivei mixture. This
corresponds to 4~.7% by volume of N Bk For' bydrazine vapor and
n.tvroMzI. the lover exoploaive Z.Imi Is 38%. (saturation pressure
ati 280 (800)).

2. The vapor alone Is alori explosivai- decomposing with a[
theoretical tomperature rise of about 13000!0, and producinga
nAximum calculated pressuro about 12-14~ times that'of the original
vapor,

~.Both the oxidation and decomposition roactions m~ay be
oatalyzed. The catalytico reactions although slov at normal
temperatures, m~ay raise the tomnporahre until relation pboaoeeis
at a dangerous speod.

4i. If a mnixture of vapor and an oxidIzinU gas In conrtact
with excess liquid ph~ase if s.;'lcdod In propagated
through the vapor, but not through t6e liquid phase.

5. Both the liquid and the vapor react readily -In somas came,*
violently -with many-oxidizing agents.

6.Hydrazine is toxic when ingested by 0SnhAlation or other-
VISe.

fLe~m&%_AL. Under the regvlations or the 100, hydrasi1ne Is
clatssified ian a "corrosive liquid." This classification (Hef. L02)
yasn established and appropriate shipping o-ontainers were speoified,

2.2.
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OU o10aemendatioa of the Bureau of zploesiws of the L88o0ootion
of AI.Ooan RailrlaM. Tisfo tllowed a meetinl of four Interoetod
o .omanies, at which hpropertle or hrlxMlae vore rovlovod A•s the

Pt1:ouar clasilfication was ohoses best affordilu the Pro-$action f~or which Wo rogai&oums an Intended.

Although hIr•_usnm to a liquid, an d, attedAl oly ihbutilblO,
defieas my1&4. NW' W~s gl~ga off inflammable eaposa' t1004"Lndbopea.,up flash Point) at or below a t• eatu• e of.The luh li~t or hydruuine by the specified method 5.eAbout 56iw'aboe, tohimi2~t.

Regi. dlsoe of thun vl, L, *oo, it would appear mat hatIaialseai1ft be olIIsLted better fte, safety p oig•eO both as a *euopaive
an a .fameablo liquid with a olosed ou% sl point of about104-, ,it. It not an eplosive In the go "Uy ace pted selis ofthe wor'd, nor Under the detl *ttlons of Meest applieablo lavs andreu~lations.

U11UI•L ta•-mkmn1 n *, selotio0 of materials of_astr•iue .eaon5 Waus HER to~ o Is larpls Problem or
GoeoeIa., o voere e ho rrosions1les,1"on One mawtelme the r'esistance oil possibleMaewa to attack by hydw'asin..e

Is thisu 7664i, corrosiont rates Von' determined tfor variousmetals boetg oonsidered toa byd•a.lne se•vie4. *eatsl vwere conductedin th absence of alp# Data indicated that with the boeoptiom oline, me, t metals otadeI at ,1 of at.ll er lose MS0005 L oherpa'oreTemperatures up to th beiliag pealnt axeeat•t.ms of 5106Methn, illll VH •O iftd pointe,] md IaIe1 t"I I rbII•1 °tll•O
ond WSN4 wonAelv e IId. TypIcal results aft gLiv La tablo

comM oxo mNyan AUX maiMs amai ~m

m.i,000 .000 ..000 .000
.001 00

Be* ;, :0:M "A"
Nickel .0001 --
Zino - .050 .000. .o- 0.0
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Work by ficatjLnny ArSea-j (Reo. 9) Sexerallj confirmo MOthle-
son's studies. At 6500C afteur 1O ntho coaitt.ut vith 95A N.H4, the
rollovnrg nosseo in voight (Zmo/cm') vwere notedi Aluminm -
0.0001 )04 us - ,OMl2j mlld steel - .1271 and nickel - .0,0.'
Corrosion was excessive after 4i-6 months on copper, lead, Aino, aMA
manes ium.

There are ac¶verai practical considerations that govern the
ohoice of materials or construction once having the basic '1mcvleage
relative to corrosilm and deoompositiont

1. It is impractical In many cases to a~oid occasional or
oven tfequent admission of air.

2. It is-often necessary to work at elevated temperatures,
or Impossible to be sure that desired temperatures are maintained.

.aterp. m1noral acids, or salts,.

In vioe or the abevo, MAthieson has oonsidoerd it prudent'to
avoid nateriala which are attacked by hydra•ine or vhich become
active catalysts of decompositicn under any of the stipulated :SConditions.' Thus, any metal which reaota with the atmosphere tn
form an oxide is t~o be avoided. Mild steel and copper are con-

sidered undesirable for this reason. A serious hazard vould exist
for exa•ple;o I iron oxide should acale off and aooumulate. As
previously diacuused, various oxides react violently vwih hydrazine.
rrobleoni of this kind are-best avoided in our operations by use of,tainless steel type 3o4 which is also oOre resistant to attack
by acids.I i Aluminum appears to be amotheor'ouitble material for oonstv'uo-
tion of drums and process equipment containing anhydrous N2Ht.Hovever further toots would be desirable before use of alWdnwu
is adopted or recommended. J

Glass has been found suitable as a material of construction
from both a corrosion and decomposition standpoint, except that
in hot aqueous hydra•ine, some solutionmaay take plaoe. Prom asafety standpointA e1ass is structurally leoa oatisfaotory than Imetals. Its uUo has been restricted to oasenttial parts where
transparency is desired.

For paeking and Sajskets, hard (or impregnated) asbestos and
Teflon have boon foumd acoeptable. Polyethylene Is chemically
resistant, but is limited to use at temporatures below 1600F.
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[abrioa.an and eie. To uliminate the hazard or" hydrazine
oL inordinately to air, special attention must

i be given to assembly, fabrication, or dosire methods.

On. the bse of pilot plant experience, it has bee ound
preferable t•o *',%veld threaded fi ttngs larger than 1/2 In sisal
otherwise, • c .ur frequently. Carefully threaded osall-sise
pipe, lub.' • sith plastic lead seal compound, and dranu up
tightly, h.--:, ;c I ' draelne fairly veil.

Oars must be exerol~ed in making all velds. ExLetenoe of
flux or slag In the weld may -load to attack b' hydrasine, resulting
in leakage. All Joints should be thoroughly tested vit• air or

under pressure before using with hydrasins.

it has been observed on several occoasions- where process
equipmort yas repaired or revised by welding that accelerated
decomposition of hydraslao In the process so.utions took place.
A technique or washing such metal surfaces with dilute hydrazineI priA to regular operation has boen adopted as a safety easuure.

I I• s riot eoonomioallytpr~otioable to use vessels designed to

hold the maximum pressures •hat could be generated by explosion of

hydramino vapors within them under conditions that may occur under.abnormal conditicas. The tout pressure specified for shipping

containers, for example, in 15 psig,. compared with explosion
pressuree of 200 psig or more tht could ocour If the containers
were exposed to fire. Neither Is it generally practicable to
provd* auffinioent xplooion relief to prevent damage to a vessel
that in not designed to vithstand the pressure generated by the
explosion,

On the other hand, it is reanonabls to require that containers
be dosigjed to vithostnd the maximum pressures that can be generated
by exploaion of any vapor mixtures that can exist within them
unde r normal operating conditions. Hathieson has concluded that
if thin rule is folloved, and if reasonable prieautions are taken
"to miniulo the ooounrz'noe of the abnormal conditions that could* f oauts rupture by explosion, the resulting risk should be close to

j . the soomolic minimum.

i The design of vessels containing hydraszino will depend upon
operating pressure and temperature and composition of vapor present.
Requiremonts which have guided our work are sum rised as followss

1. Por vessels to be used at atmorphoeri.o pressure and at
temperatures below 400o, pressure requirements were only nomLnal
"or sufficient to vithstand air pressures used in testing for lieaos.
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Zf r h 00ee1 was to be piadde with alta'ogen, the to peat'are limitfo lo wms' r.Altwfat~to was extended to PCit ~ .
If per' vsels tobe meated to the boilift poin~t of hyduunS'beoiw$ at 4teh epressure, a 4.-pesy t~pi4 .s a id Unea ow"a by1 pols~at ~ me

pnvo Xa Osashl a caaspptn tmoaw

~.vessels to souatmaiydrasuias namer tme possm of Ios*In vwlAt k*WVeztUpee abOve the bolit Poin wee00" ahS^*Va pPesSUwes as Ladloted by, Figure.
SLinGe those swalogo Pressures Inoimeaso wapidly with bta"W-tut It to iprative to provide offeativ. $afgameaietoiempsatuae afsess Tbo the maioni Sn whichte eipIIF@*@ tune sa twls onve wea ls ane deulped. to ftail sate, cameacsupleuate wth alas.. and aUZi]l~ary 060ia1 that operatewhoa ~F6: Wm epr w ie eyon a PMre."J=ne liit$ Diesinjoeotta owateto lto prosess "aegins has bee a Proastial

laa Am withiaet Pll tmio &a dhewVk ewV huatleable.
vessels ite iesse so~ a e..ecraojtwhaevessls i opa'etially INdtpeSIAble. Aholder', ridlig en thailIte "s advisable, not onl to OGDOPse 0e, bt to decrease therisk of eahaustlem or the W11 supply. nayes, eee'al14. should TVw warning of lo . Sayp ease a hoever, s&Alshould be kofowaneteg to the gystem go I". it GSA be cut- Laqucldy whens neede.

UeAWe weasels ares deeaftes to .iSLmSOus the mital suiftac.eaPosd to bot liquid caW wapor$ Besati jacete Bare prowlideW ebetteseai 4f#It *V461 tenweld 661si2l6 eesre Of kydMleito Ovesheatd Weills , UMIuAKl 11lawma beat~ uae w111110y IesdIN the liquig at all times sopn*
lowas oasstoeat riheasonable heatl mSpanea' eua't~g Oft.S'SaMs Poosses 044f011001 with MIaMINN wewk164 "Jium ts PreferableteaPO feb te eq0ea * Opetion Wadr MONm to avoide it

2<""~r en?: owart Laoey~ waa theIS ~~~be"low.Sis1
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p O#M s r~n
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"I. were filling ny iWv pleas ott with hydseia.a
make sure that it Lm a lan and free frem sleo. if it, t to be
used for hot concentrated hydraILiO, It should first be fIlled
"wLth dilute hdraaine aend heated to make sure that there Is so
oxldi.ing matrLial proseont@ PLeO"lll with inhibited Mid to Peso"
rust or mill scale I*-& doesrablq practlae.

2. Watch new equipment carefully for leaks. be espeoiallY
alert for the first few djynj and continue faequnat Inspection*
for several weeks, to be sure that no slow leaks develop.

- PJ, Zelush with ni•raogen before admittLnghy s@ at ony , A"
temperature above 400, or before heating above 4000. ShippoIR am
Storage containers should be fushed with nitrogen regardless of
temperature.

4, Check all control Instruments and safety o devios at
regelar Intervals to be, suve that they are in good operatingcondition.' '

5. After filling eaCh shipping oontainer with hydzasSeL for
the first time, store it for at leaut 24 hours in a losation
where any %sle 4hAt may develop *an do no damage.

6 When squipmont mu8 t be opened for any reason;' make certain
that it Is cooled belowv 40a and flushed with nitrogen before
opening.

T• • f'e rpairs or chones are to be made, equipment must
first be flushed with water.

8 ogos should be worm 4t all times in areas where hydra-o.
nine is being handld,J

9. Protoutive clothing such as loves apsronas, fae shields,
otc., is required whenovor hydrazine•s be ng h•ndled In suoh
ManMr that a uplash may rosult. It is ivnerally unneoeveary wn,

. equipment aind methods -re properly deusigned but should be
imadiately available for emorgenoy use.

10o Gas walkms ar ueoneessary except for emergencies, vwhen
awumni&-type wanks may be uedlj but they should be readily avall-
able.

Ile Naerstanoy showers muet be readily accessible top prompt
treatment of splashes.
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rpood Isede.pAR a6I #Ad alertness are the prime WoSr in doteoting
Oak spIllage before Igniti~on DOcuWU.,

L. 13. Or e Spillage ts detected, flusl with water is a''
oertain we mt inos o extinguishing fire, A utstou
sprinkle rs 4e o& arisfaotor7 for extlnlStshi•g rt . but should
be supplemented vith munualIy oontwollei vatew supl vhich ocn be
used tor prevention.

The author wlmhem to semoviedse original omtrlLbuti•ns to
the text which wereas"ud by Mrs Natthav Weber, Jr.K.. .i.>. .
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DXTONAB3LITY OF B0LUt1O.S, OF - YDUZ-P%,•
,5"YJAZIIV NIZ"T AND WATU

* by7

A . D. DribgLs and 9. F. D AarrI•kNaval Ordnance l•boratory, White Oak, 71Marln
Preisented by R. D. Dviggine

* .. .. . . ..

suThelabl Ordne~ance is thatoya' Osin:dtcakoinveetigating mixtures ot hydrantnoe h1tbydrauine nit&atsp andSvater for use ae rtpoAVrcpelItn f o Sun@,. One roquir.weont
f'ora s uitable ppllant Is that It will not be rea~dily
detonateod. It ieoame usooeo|&y' theonp to esta;blish• the '

detonability of the various compositloens beinS onsidered.

APPAHATI'U AII U1HD

"The detonability teat used vas derived from modified gap
tests as used b, Dr. NoonanOa group of our Zzploasves Researoh
Department. A sk•tobh of the apparatus is shown to Figure t.
A wooden atand having tve shelves supported ou throo less pro-
vides support for the test assembly. A brans pipe having a.001-inoh oappor fall coldered over, ove end serves ad a coa-

t&aer fot the sol4tion to be tented and holds About 46 ode
Thli container to wade fom3-inoh lengths of pipe having a
1.16-inch inside diameter and l.5C-inoh outside diameter. A
50-gram tetryl pelo inch high and 1-5/8 inches In diem-eto&, is usei to uit taoe tae teot solution. The tetryl peTlet
in initiated by an Sneineor's Special blasting cap which oe
oupported by tvo vooden allinders on a track. Figure 2 is a
photograph or the apparatus. A 3/8 x 4 x b.inoh steel .plP e
Is used to Indicate the nature of the explosion.

In operation, the tetryl pellet is plaoo4 la the center
tof he bottom shlf. ThA bWass tube Is nserted throu~ h a

aug hole in the top shelf and rusts an the totryl plttet.
A thin film oa saran abeut .002 inch thiek is placed betveen
the bottom of the braoIs tube and the tetrls:. This film
extends outward one to two inches, providing an umbrella to
deflect any solution whioh miht be spilled. On two oooaeions
gior to the use of this shield fires vexs st:arted, appawenatl
y contact oa the molutiono with t•etryl. The solution to be
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tested ts poured into the tube until 1evel vtit the top and
A the steel plate Is then centered on.top of the fitled ub. ,

The Bgineltope Special detonator. is poestioned in the'
* track neat the front edge, being inserted into the 0ond9'

*• l pet'o fat' enough eo that it just clears the totryl pellet.
vhon slid into, position. The operator theh retreate from the
barricade and#' b7 ansae of a strIng, pulls the detonator 1ate
position under the center of tho te•tryl pellet After fit'•nst
the metal plate Is rcovered and the extent of d&s0Ag noted.
If detonation occurs, a hole to punched through the steel
plate. Ordinary explosion* dent the plate but do not punoh

..-. through It$ Figure 3 showe on the Left) a laits after a
detonatlon 4n8, on the rLsht, VMes 1n0 deton•a na olourle
Most of the vork itf a detenation yle obtained on the fi.t.•ptriafno further trilst were aodes At leaut threo trPials Von~

made if detonation did nobt *oup*u.

some oo]paratiee tests with other materials vero Ude.
These oesulte are given in Tab%* t. sixty-five Itffern"t
oo oelitions of hydras10e# hldVauine nitrate, and vater VQV$
tented. These results are pnesvted irapho&ll7 In Figure •.
It @an be seen that solutions on0tain in more than about 950
hydrasine nitrate and up to a smuch as %water san be "
detoaatoed

TAWIA~4 - 6 ,

. .. S•~A?~l•€S8 m R~ull .. '
S'. . • DeonaPl:on

Army Black Povde, OradeA5 A ..

? *.itol Powder, *R4990 N

Aaonium Nitrate X ' '

W)l],aline Nitrate, 9, V

S.al•lietite D . ...
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DISCUSSION ON PAPIMS BY
MR. No. . TRO.AN AND MR. g. Us DWIGOIN8

DR. V. B. lAWSON1 (. 1. do Pont do Nemours & Go., Ina.),
Z vondered vhether a 1O-gram primer would be suitable. This is

* a rather co0oon primer. 4

K NR. DWXOOItNS• We have never made any tests vith 5U7 othor
charge than the 50-gras tetryl pellet.

MR. AfYlt In this sme connection, we are unndertaidjai
• i' further evaluation of this sane system using a No. 8 blabung

citp as our Initiating souroce

"some of the preliminary experimentm that we hAve made thus
far Indicate that the envelope of detonability for a Nto. 8 blaqt-
izg cap to much uloser to Ihv hy•ravine nitrate vertex than
those data might suggest.

In other words, T wanted to point out to .he group that
thisIs eially a severe test the K01L people have appli•d to
the solutions. I think it is valuable information but from
the standpoint of handlin, Storage, and use, a areat deal
of onergy is being put in those salutiona. ,e are going to
Sextend this w'k by finding out how sensitive these solutions

i are to a small amount of onergy, for e;ample, a 'It. 8 cap.

DR. LIOGENS MILLER (Redstone Arennal): rarhaps a more
reasonable and practical datonability test vould be the use ofbullets. From the Army Ordnanoe viewpoint, this is the plmai7

MR. DW1•GINB: I might say that we Intend to extend this
test to determiue the sensitivity of detonation of these is"mixtur•s by plaolug plastlo sheats botveen the boostes ehare
and the tube gvd plaoing ooough cheats so vo do not get
detonation. I think we 0a: evaluate theoe mixtures a*oLodng
to the gap that we put in Wthen ve do that I think we will
have considerably .nore u*ful information.

MR. PAUL M. OWDIN (NAOA, LFPL, Oleveland)s We ran a
number of tests using both the Noe. 6 and No. 0 dynamite sap
with commnercial anhdarmut hadraspne. When th. Oap was leveled.In the liquid, we did not got a detonation| howvooer with thedynamite cap placed above the liquid we alwaps got setonation.
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DR. A. CONFIDENTIAL
the ent.re -. BALL (lercules Poyder 0o.): Detonation of
the ecetirea--oae"i" u

•R. ORDIqg go* oni7 the liquid phase.

DR. BALL: I would like to point out the question of
detenability 9Is 1e7ly a function of oonfinement. PoP -za ploem Jight mention that we ctan rettbly detonate daltroto'lUene-

vith a 1o. 6 cap under sultable confinement,. In rh:3n010 tests
of this kind I certainly reoommend that you keep track of hoV
much oonfinement you have.

'DR L. WISs j feet we must guard apinot confusion of the •,
'tern "detonation'. Thin occurrene of detonations not &$@eased

b the loudness or shurpness 9fan explosive report. A material&
*"ill I support a detonation wave if luch A wave, vhWohi travels Vith

a higli and constant vole.olty llaracteristi@ of the material, Is
able to propagate through a long column of the material. in
the case of anh drous hTdrasimne initiation with as ml.ioh as 50
Sm. of t atryl 2 one end of a meter column of the liquid fails to
initiate a detontion wave thAt twvoIN througbout the 0olumn.
Under the influonoo of the initiator the hydrazine decomposes
trith evolution of h-ýt in the region of the initletor. The

amount of hydrazine so affected Is proportional to the sioe
and atrength of Lhe Initiator.

I'M, CAM4•ULL! I wOuld like to say that at the Naval
Ordnance Test Station ve found that ballintite when oontacted
with hydrasine developed a very good fire vith .ydrasine within
20 seoonds.

DR. NOOW s I would like to point out that in applying
such a sensitivity tests under conditions of viriable hIdit7,
it is rather ossential to use plastic cards of some sort rather
than paper. Paper vill pick up as much as 10 or even 25 per sent
moisture, and vwil make a different type of barrier.

The other thing to remember it to measure temperature
beoauee nowe things$ particularly nitrometbane, are temperature
6ensitive. This im oomething you also Vant to know if you are
going to use these liquids for regenerative cooling.

in the asme of nitromothaneo, the 50 per cent point is
about twenty cards (vhich are ten thousandth. of an inch thick)&
at 20 dees Oontiorade: and it goes up to about fifty ca-eds
at about 80 degrees Centgrade. So you can see it is rathe•r
important to measure tompeovature.
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TE•. JAIRAZffA Any further disOusslont

DR. GAIITZ I would like to ask Dr. flaller about the
call you used for vapor detection of hydrasine. That Is net
up somewhere in the labor'tory?

ID. HALLMs Oh, yos. It Is preferable, of course, If
a woant to measure the conoentration in the air. to have &

an or something circulating 'he air near it. If you have
ciroulating air and have a partioula1. s.ensitive ±notvument
7U cans take the stopper oater th e bottle lnt1O.oppositecorner and it viil detect it over In the opther side of the room.

I would like to point out in connection vith Kr. Trojan 1

gager that one very rapidl becomes accustomed to the odor of
'7drasine. We have notice this %ory frequently, and the doso

of hydraxne ougfht not to be relied on ab a protection Also,
h drazine is quite a good solvent for solidified paint. Unlesas

'I thezein adequato dissipation of heat, hydrasine oses out
through a pipe Jolnt or something like that, Since there is
a painted-saurface on the pipe under the Insulation this vert
of thing oan raise the temperatures to the point where you
can got igniti0o,.

MR. JOHN flOBELL (Ouggenheim Bros.)I Mr. Troyan. Youmentioned a number, of what seem. to be, suitable materials
of oonetructign for hydrazine. Wve you considered sotbstituting
aluminum for stainless steel in your planbs?

JMR. TR1OYANs We have considered it, but we feel that
our several years experience with stainless steel vas one
definite thing. we wanted to try out aluminum on a smallerscoale Initially befor'e ve thought about putting it In to any
large extent.

MR. V. R. BONMT•TTt At the N~aval Pr•ovingf Ground we did
/ svome work On liquid propellants, I.e., hy.rasino-liydraulnenitrate-Vater for 4o mm. gun applioation. The deoomposition

of this pe'opsllant wag applrenty proseusro sensitive, uting
a standard 40 mm. primer oontaining.60 grains of black powder•
we were unable to initiate ignition when the case Was 50 pop
cent fulli whereas ignition could be initiated if the volume
of the case was reduced with paraffin and beeswax so that the
came was 90 per cent full.

CONFIE]&NTIAL

. ... .. .

S m "• ,S1CUIR1ITY /IINIORM ATIONY . •

4. .... ......................



L ~; ("

TIME RACTIOfS 0O RYDRAZINR AND SYMMETRICAL D9IMTRYL
HYDRAZINE WITH DIBORANU ANt WITH TRIM3THYLBOROM

by

H. 1 3ohlesinwer &ad Par1tin J.,Steiundtsw
The Univeruatl or Ohicago

Presented by kwt in :. St-eindloe,

Our project at tbi Untierittl of Chicago hs'a Its obje• -
tives th# study of the chaomioal properties of various tpesof
hydrides, partiOularly the hydridem of boron and related uom-
' ounde. The.ntudy of the belavior of h7drazine tovard diborane

v a part of our progi'an but, an is true of muoh of our works
It Via not undertalcen with, any speolif applioation in mind.

To iodloate vhy Vs uudortook this study, Attention is
called to the fact that diboranse ,•2U6, behaves in many of ibt
reactionsf as if it 0onUi3tl of tvo borinn groups, BR3, An is
shown in the first slide,

these groups lack an electrzn pairt and oonsequently behave an
Levis &acids. Am a result of this property dibora-e reaots with
a'nnonia derivatives to form said-base adduote such as trimethyl-

. amlaeborine, (Oa3 )3NsBH3 ,

1 /2 D2156 +4. H3 --o (013)3NIBE3
1/2 B2% 4 (oX 3)2XN--+ (oH3 )2,MqIR3

1/2 B24 + (CB3)lRgX-+. (0H3)iI2N i DR3

This compound is so ,table that it may be heated to 40000 vith-
out much deoompoltion. 'If one arm.ore of the methyl groups
1: replaced by hydroen 'atoms, the adduots 'Looe hydrogen fairlyreadtty. This lone frequuntly-ooaurs In two steps. The filrst•
of these leads to th ormaiven of aminobotven aso shown in
the slide.

(oR 3 )21M 1B 3 -[(N)nNj.[0 )2

"amine borini" "aminoborin." " borabole
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(013) 22N 1 D3--P [013) mmk • C1) z

Attontion is cilled to the fact that the original 4dduate are
named amine borinem, whereas the products resulting from the
IiantaT-l.m T rogen are knovn as amrnoborines. At higher
tenperatures a second mole of ydrogen ora too methane may
be at. The aminoborines may be obtailnd an -onomers or as
dimers but the product* resultinS from turtbhe pyrolysis aUmost
aSways t•eitsbie to form derivativle of borsolee•

11 work' to be reported1 today was undertaken to asoertain
what voul~d be the character of the products of roaction of dt-
b0,*zaue with subittanoes contaiminng more thvan oxao nitrogen atom
per molecgule, and what *would be the bnturu of the4 pyrolyasi
products. Com~pounds undeor conn±ideration for this study include
POlYeUWLOO as well. An lqrazlo arid its derivatives, ThisSpaper will, deal only with the lAtter .ompod ..

Vs have thus far studIecA the bobuiiow ot liydrasins WAn
87=0~trical dim~oth~ l1h7Llro.zin towar'd diborse both hydrasimesform lIII adducts Mhch are Yh~te1 aryst~lliesoli"o uih6
ox' no Volatil~ity. Whom hy~drolyzed, thyyield byirogen vid
boric aoid and, vt~t in more important, e ge nerate the original

.Mazins troll whib. thy ere obtaioed . In otbri words the
is ltxouen- -itrwo bond ios not broken in the tormc•ion of tde
adduos. Fora this rGnaon and by analogy to tho corresponding
Amino dlervatlves it secwz appropriat A to asoih. to the hydra-
Zinc addute. the formulae shown •n the nexrt slide,

"hydrazine bin box'ine" "sym-Imethylhydratine biu bovines
Both compounds lose hydrogen when heated. The followinzgslides sho w that a marked decrease in the rate of hydroIen

evolution occurs when one mole of hydrogen per gram atomic
weight of nitrogen has been lost.

0..

,Ivl ~da~,vv.,l1 oelipialielie,#, h iilnl

i aQ~~ln fo he•toIvt o.di.Zloht erite,|

ni~te-t~le on s•l rknI he1rso •te.t

I''t. oopuI oeilloe hntet• leIo~vii+[
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Thais behavior to entirely analogous to that of the aulne bornn...
The plrolyhls pr'oduot at the simple hydwahine adduot to a

no-ot aus sol tid wehose homogoneity rigs not yet been established*
that w n, it in heated to 40090 an adiinlmole of hydroenS
per mole of adduob is lost'and that the solid so obtainedatl
yields bydrahine when treated with watero.

Pyrcllai, or the dimetbythydrazine a~4duct an the otherhdpoduces & liquid which hasbenulf byratosto
and aaavafor density. ocrrespondirg to a rool.olr veifb of
82o This wo ocular weight -is aoouist qtWith the Assumption
that the liquid Is disetbyhylbyrasino- ib~s-borine.

Jf2NB 2 -H6  "4 [%B
,Solid

* ~ ~ ~ ~ a322(O11 3)2*12u6  K~O N( 3)( 3)K

rurthr ovienalioouid
ofrthe roatidenc and i thi assumption Is found In the stoiohiometryot he eacionandin he fact that the nit~rogen-uitrogton bondIn t.:6 analogous compound obtained from the unm'Jbstituted hyra-
sine in not broken even at 4009o. The first compound tahoi isIndicated As a pol. nor in view or its lackc of volatllitys the
latter probably und rgasm po lymerization when heated at about
6000 for prol~ongod periods vinae a valid to slowly, formed withoutI the generation of either hydrogeno nitrogen or methane.

*The formation or the original adducts was carried out at* ~-8000 In diethyl. ether solution with strictly anhydrous materialsand in tho abuonco of air And moisture. Both ompounds ares white
solids, @table at. room temperature and not very r~aatlve towardair. The hydrazine adduot is obtained as a flurfy powder, the
diniethylbydrazine adduot as w.ell defined crystals, Both w~esoluble In dliethyl ether and were purified by arystallisation
from this solvent. The simple hydrasine adduot is also soluble
In Wxdisine but net in bensene.

The unaubetituted hydratine adduct, though not spontaneously
inflammable In air, burns vigorously vhen ignited. It reacts
moderately slowly with water and much more rapidly with dilute&cds The next slide shows that trim-ethylmn ipae
bvdramine from Its adduot and Indicates its reaction with noWW1

* ~*.* ~. ~Alcohol and water.
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NA '%X6 ("AW 7-0 X2"K4 2 (6ff3)3X'4%

X2114-OgN + 6 01303 --# W&U+ 6 92 4 2-(0330)33

2  2B• + 6 92o0---NlA• + 6 22 + a B(ON )3
"the latter reaction wVa used In' tie Waalyo• .. Thse' oesultm irwe

bhown In the Mlotovw slide,.

, ANALYSIS OF No. 1.,,. ,, a4•" to Vollhi 0,0780 9..,• . . . '

calculated for N. . ,

3 .1 36-15%. xtR 53.59%, at 10.11%

round

B 36.28%, .Wg2N 53.59%, It 10.12.

The propertles of the dimethylbhdraslno adduot awe, .so .
far as determined$ muoh Lilco those of the unuubstituted h dra-
line adduot, The chief exoeption, an has already. poined a .
out, is the o~rat ion of a volatle liquid pyrolysis prouo•t
rather than a non-volatIle *olid. V. have not lot completed
the uavtItstive ana&lsis at tho adduot beoause we have not
et ound a Datlgftotory quantitative method for the detezmina-
lon of dimethyl.hlo amis In its hydrolyrnte, Ve •o v however',

demoeonst'ated that treatment of the solid with M1l0 in methahol
produces the dihydroohlovide of amestrioal delthlhydwaA•on r

Further, the atomic ratio of hydrogen to boron In the compound
in 3.1 as demanded bi the pro lid t-rnaua. The followin
pr eortis have bvom *a•b, j l'ohM w fore t 4 iqu py 17816e.
prouot of the dlzotylhýdjrasinu adduo•t.,

P"oportisof N,((c3)2(3I)1

M.p. -0.000 b.p. (oxtrap.) 136.8%0

vaper tensions loglOPMl 0 7.8005 - 027/2

molecular weight at 38.-00 81

in adItlon to the study of the reaction of hydrasino
and diboae, we have begun an invoestiation of the reaction

,, ofLor bhdasin aMd tinetbj*l bOron, We rave found tOat two..
o also Ot t•laOthyl boron reaot with one of hydrasine at -OoO -d

"ih:i adduot appears to ubdeoro roversible dissooition above

945.
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- .. -30*0. Pyrojl9e at tomperaturos above O0°00 In the presence
-of excess trimethylboron produoes mothane, but we have notb Tot
'taoertained whether this reaction cAn be carried out under on-;
ditions such that the hydrasine IS not sImultaneously decomposed.
wo plan to study other reaOtion. of the t Pea which havo been
manltoned and to extecrnd our searoh folr p0 merio boron-nitroson-
hydrogen oontainIng compounds.
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CONFI~DENTIAL .

N1onNIT4O 52358101f (continued) 
. '3 February 1953k

CHAIRMAN, NR, As Jo NEW

wou .. lik to ask hoU (rn hreo are aval. R aiserd~ v thinome

n ow s may youl iknowa a e =!A te bUM PA180 your theAdMou(Svea of uib de-veoped TCIUasue otmu xasinrt

VIc ian explainion briefly prs.ryo aneimnt

precoure oftoota anid figure thruab on te '.bash0 or momentum
change by multiplying tota% propellan~t flaw by the exhaustvelcity or th'e gases leaving th motor. Thta would be a true.velocity then,

The mpuse-t wht w obtin t wemulip'y a orc b*
the time In which. it acts and, the,~reore on a rocket total.impulse meana the time over which the thrust, is e~e'ted. itys divide total himpulse by this weight~ of the propellants Con-sumed4 during that period we come out. with impulse pop pound ofPropellant. This is the mo-c a 2d sfcii Imus hcappear@ in the units ot~poundmfmecon/pound or Is somietimes .roterred to am seconds. .'

Wall, you can do this by dividing the total impuase by .the total. weight consmuind, or' divido '%he thrust by the rate 'of flow of the Propellant. It YOU computo tho opecific impulsetheoretically on the basis or thrn perfect gsa' laws and theconservation of energy and momentum, you come up with an
expression at whihthe ~nignificant part Is hesuare root of
aterm containing an exrlnoloa foactor and fhheratfio of thecomlbustion chamber temperature to the average molecular weightof the exhaust product, That Is the significant part of theexpreemon. it tells you what you want in a system like thisIs as high a combustion chamber temp erature as your propellant

will pr'ovid and yormtr swl standadaslwa average
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to MU OF201 M MIuZi3PINZMAX Af YAUI
AM WO~r 331331A11 in flIMOM

Voate, as Uu'pb ad ;ms P., PLOWPlftt iny Afebalslover I.a,.

Despite 46aweful camflat*, the I pstloo of a an is
imeiatelp i recal" th "aok au flash1 pweel When the

Ito ibteist ef iplesiY@a hmilt fWI7~S5 H41
Ieas Too" polals", frim theowetIe I alem Illms tbAt this
ptobl" sould be a*I" y LG lole ttasia:o pwopollaah.

u~a It o" al oft p oidl ix a~ m iN the a U ilow,
a )A 0 out f aivoln Ioh wwemif bb releasedil aslob"empeltin Woel to es~td to partsim this twobetiem14116k adittivesj Ioveulag the b to r.Ytweo halto ~ w 104:0~ thMovo e gat h

:.uu: Mie zwill 0#4404hebaici~ reu to of look
thetsose me mi tum to as h

$oer&% of tha'teistee o w 0 0 sema to tieat $saem shep
*altvel $hvase "the l useattt Go hviw~t"ue nt.*pw

Despite earetoul eawautuag the politie of a goai
LOWAme 0ate pclitesoeg ad e tsrqvuc Whom it

fhmst or a JeScas ews to timSasaso lmmta
or' vducagm these epuAm vy effects. fheirswt stop Smth

V66eie MWs Ih ofl~mt black 0sds with so-os loS
ubeheleea of' sit We~blle to at~ a se c~athat this hfid me,. v4sultel h WAbItiU ite ofWhite for

, ~ black smkok SAn tha there had bens no decrease $.a the asiosist
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CONFIDENTIAL
or .lash. Attempts to reduce th. flash by adding esrtain saltUs # "
such to potaiux chloride, potassium almato am otesiume -
hydrogen tatrate vw.ee at least par't&•aly muoaesaul but theg-
had the serious disadvantage oa produolng large quanttoes of

sk empirioal methods, Incorporationl of nltro uandlona in
a propsSlant had also been found to mateialT Meduce smoko and
Il"Paoh, but Ito use is acoompanied by delete'rious changes to the
Spsioal and ohemical properties or the plopollt. durn.. stowage5
si•ce a %arae proportion or this additive must be used to ge1 .
the desired results. Nevertheless this oonwound wan employedi..
In standard British compohitions duinug tes ast var.

in the United States. until 1931, omuods suoh as dlbftl-'
kthalate arnd m•tlolbexalin vere ued ad 's eoduanlg agents&
ut those had t]e eaondenoy to increame the smoke or the burning

peopellant. % ' . ..

ine gamemorandm date g ncanber oc23,ee am3 tosulth 0min fo

Offiera of Pid t onny Avena t0. Dr. b oorile ua- gaes uho on ehi
Ohemene Doprteoutle firet suogf sd xthe use of c moapounds sbehasemelaznnes Guantdino tarbousto and Susold.4ne 41tratoo on the

c hogry that these subtanoes be heaus ostahole thigh netroga
ontent and tlotivel low po)oontag4 of e arbont i oula soeve at

baluie stluh vpttholad increamine the q uanti•y of smokeo

v h oe tlhe numb, o f • gun n be on s odered pesulti ngfrom
tho ripropelldotd•aon • hisot oombusual. e nutalo pace upon rleacin

@eenoo f n the euastio n ss of soldto of lt anes, which ma be*110 e xample, Inorant valt, In.vt vA art&% at" products of '
lPortil aothaustmon. It meatllw twill In order to basperse the

tsmoke$ disspate the hea•,i ati podt•e thi iketihooe vl ofpitOn
or the ooribuptible yuinoe gamome the bubostnce to be added to

*the peopelt nt asholdu upon burningt yolu d a lara e vobumo, 'ot hS•~~gseous products at lwtoy pelrestuo... .

i ~ The relative .force (1p) P.f a propellant is a meoasureoOf Its
ballistic potentitsl and in derlnd by the equation ? x nnRS

Vhoao n umbee oo m ooes ol mo Pr pers ga•m os e

graelm nt brnoped R on the usal asd t eta Isqa Ilamea& OPlan, and T 14 the adiabatic floae temperature. It; anm bo
seen from this equation t..t adtition of a subtadnce vhelt ,
Tureen the flae temperature will be so~owonlod by a doereas
In the propellant's ballistic potentials unless the vaiuo of
a to oorrompon4Ing7 Increaseod, obviously, thenl. lor optimm

• •~oreat, a tr ash reducing agent should prodceuo on 'burn•Jn| tho''
'" :: 'lagstjn numbe of m+oles of low' molecular vsq t 1:5 foiss to pero

.. j:,gra of propellowt consumed* An advantage oa a owv Isms .
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C RF2Dir""MT IkL
temperLture vill be an increase in the life of the gut barrel.

Prom the above oonsideration 8 a coapound contaiving in the
sioleoule large numbers of nAtroen atoms vhioh voulld be released
Li much upon decopoaistl n, bhould be eXpented to have the
desired oharacteristios of a flash reducing agent. These oOu-
pounds shou.Jd also serve to reduce smoke formatlon since bhe7
ootnain a relatively small percentage of carbon, and at the

. ame time, the large volume of $at WhIob they produoe vwill

.'re•tl dilute, and aid in.dlelipating any wmoke formed by the
other Ingredients of the propellant.

"Ac early as 1.938, several nitr•lines and nit1rosamInes had been
IvesItigated at Plcaoinny AMeonal as possible fltash-roeda•ing

u~tl, but all were found uneatisfaotoo benape of poor
• stabl1Ity or low nitrogen content, Thefir•et experimertal hib-
nitrogen oompound to undergo firing tests at Pio&ti:nnz Arseoa
us dicy•nh amide. The 100thod used asa preoLkinr7 tesh ot oon-
$l1ted of I-epl4cig a part of the standard charge of .50
Oalibor INN Propellant vith the test material. TjA round vaS
aveeimble•• •haI'en to mix the propellaJnt amd toot material
uaroi-ra•y. and fi'epd. Ad~iticon of 15% dioyandiamide to the
propellant resulted in reducing the intensity of tho flash to
abo"t 2/3 that of a 0tandard chargo. Increasing the -proportion
or additive to PO% reduced the flash to a traos.

Although the desired effect -upon the tiah was lohieved, '
thlb Additive •ad a serious drawback •n that the relative force
(1) vas rowoued in proportion to the amount of dIoyandiamide added,
In other wordt, the d4oTyadiawide •as acting essnenia lt as an
inert materia. At any rate, the common oharaoteristio of high
nitro&en Oontent in nitroguanidine (5•.8%) and diodarbd&mILd
(66.7%) lart, r;upport to the belief that addition of compounds
vith tuis ohar'aotorletio to propellants v)uld result In a reduction
of flash. Thle suggested that, the investigation be extended to
othoe similAr substances.

Abuut 1943, Captain L, P. Audrieth, as ofrloer In c•agrs of
the Researoh Division vie Instrumental In direottrl attention
to the ps4lible usetulness of hydrasine doriviwtives for thIs
purpuo., Un'der a ootitract with Pio,&tinny Arsnal., certain
seleoted compounds were prepared at the Pol•,chni.ao institute
of Brooklyn under the directioo of Fsofeusor 0F. B. L. ith. In
addition to those prepared b Proufessor Smith two othe, Cow•ounds ,
o'anuria h:dramido and guanilino perohlorate ••re prepared at
Ploatinny Arooenal. The explosive and stabiliq oeharoterietios. .- of theme nompounds were determined in addittioi to their physical

Spr.pe. "-e s.
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CONFIDENTIAL
Table I shovs that within a given homologous series, ...

progressive Sebutitution of hydrazine groups for amine and lnite
radicals In guanidine results in an increabe In brisanoe and
sensitivity to i:paot. The stabilit7 of these carbonic aeid
derivatives does not appear to be affeoted by the presence of
hydrauine radicals, but it doom Increase qualitatv*17 withIrcreaned melting point (Table II).

V. R. Bennon in a tachnical report datiA 1944, suggested that
the observed inovease in impact .en'itivity vwth increasing Intro-
duation of hydrazilne groups may be due to the presence of a
nitrogen to nitrogen wond in each such group. A similar situation
involving the nitramine tather than the hydrazine radical Is found
In the case of guanLdine nitrate and nitroguwnidine. Here again,
formation of an N-N covalent bond increases the sensitivity to
Impact.

In order for any one of theme coompounds to be consider-d as
A possible flash reduoin•g agent, it must not ,n).7 have a high
nitrosov content, but muot alno eatlab'y the requirement. for pro-
pellant ingrodienta. Taoue latter requirements are that the
compound must be btable at 100O0, not render nitrocellulose un-
stable w•hn wixed with it, be non-hygrosoopia a)-d nou apprealab.ly
water-soluble and have an aoueptabln impact senaitivity.

A larZe numbmr of thane carbonic acid derivatives were
elimluated from oonside'ation because of thuir solubitity in
Vate, t ov n'itrogen coutent or both. For example, di- and tri-
aminog.•nudine nitraton are -'th too aoluble in water. Their
piortes, on the othev hand, although suffioiently insoluble,
wore monsidered to containr too little nitrogen. It ahould be
pointed out, however, that many of thoto compounds, although not
suitable a%, flauh reducing agents bAve uhown Interesting
poteatialitioe an high oxplojives. For example, triamino guani-
d.ne nitrate is clone to PDX in power. it might also be
worthwhile to reexamine certain of these compounds in the liaht
of prneent experience since their water solubility may to longer
be a criterion for their acceptability.

Of the remaining compounds two, cyanuria hydraside and
5-&minototrazolo wore onavidereJ of greatest interest because of
their high nitrogen content, (73.6% and 82.3% respectively),
sta•liity and relative insensitivity to impact. Wfhen these sub-
stanooe were tested as flash reducing agents it was found
nsoeoary to use them in tbout the uB.,ie proportions as diojandi-

" amide, that is, approximatel7 20% of the weight of the propellant,
in order to reduce the flish to a trace. Unlike dicyandiamide,
hovever, oyanuric hydraside and 5-aminotetrasole did not act as
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CONFIDINTIAL
ineapt nr•ials, amd !woPel, aume e wth theee ialate had a
welattve tow of 93. - 99.•U ht of the 2,~uwi im P oa.
5-an0o0etgao e poeeees tbie further advemlage of imnueamsI
the Mal Latta outeatia of a propellant seats I~i t. Mahim
aJis-e rpo ite WWce pomitive hNot, of teomStO 40e. esi/2*im)
WhIeb results to mup enae' be0)in•ic eleamusoen a ompbeeion t•hn
rwm nitwolusmnd_•iek peol te)f t hieh ILa a ineataive heat o foram-
tioD ot 19 k. eot/le 0.

" a unotet•efmoLo is somewhat hypomoopie am it w• s msoon
ie tha•.• *spit o,, on•t.fo , , s, 5obionosm'ainm ose
'propellante Ww, ioo, sen ve to humidity ehabuee for .mat•it•dte,7
peorwosfane. Au Inveutigation Val then oirwied Out to 40eteiooe
Whetheh or not. theat pwopelatme Gould be eyPoved by .otheW the
a plIeattan ot eaotins agents or by the reaction ot eainotcst.Pl.e
wvth tfromwsde 0 to sive at 'on-hyfeooopto oodemuate which eoe'4
be used In Its place. Vanfotunater7 methew approach Val muesese-

Interest in teotwaole dewivat.ves had continued at Picationym, 0L*o. in thi hope of fsrpwnl a eo1uud hasvin the desirable
oshateje6etiem Inhe~en in the t9ertmole Plot without the doiadva••-
a4e Vw1801tIM fwoa the lattRM#m UYPgoIoOPLIulty TWOe much
derlwativse base been eA. t hish appear pwoa~islo is thU

mew.te first of hieso £uanll4 npotatwaboe ap~ matI$-, fastea in all %espeete. Its piepaaton ittieult, ih1weo,
Ssand n he yieLds are poe,. fte othew, uiltogua.-aylanotestamoles
earo be p aepewed ,only in cwM17 smaltt ie•ld at thie time and so
mMe aet been considered tfuther.

Oy_ uw@ bkrauide, "eloeumly nationed as being co4pueblo
to 5-a-.M1otmtMuole am a f.ash FGAUoe8 lent, dot m eot have he
dleadvantaes of by ORGOpioit It Is of, however, available
In eommwelal quantities at the prs~ent iee. t sy be esily
I .em.ed by the rustleo etweem oyanurlo ohlode amd h•_ _•lme
Sdetop ande should Wdrwatie become moae readily available in

the futup*e It im quite possible tmh thim esepound Vill find
application am a Propel~lant lavedient.

NUMea&.,ne Whch is a e7e110 trime" of epanaide ham beenconsidered am paopo In•t Midltvi. Prelimnap trials in ated
that It met the re wemtm~t Of a flash wmductng &$*nt, but %he
imneepowatle"A o m too into ppopelante wam tsenu to eeegsme
their rate Of burning when eompared with nitwomsuandis. propell.ants.This ,emulm, oi m a• masemm, in inuomplete embuation an %be
formation of larg "nt autm lofok*,e
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C014FIDENTIAL :
tip to this point, the workc carried out Mnier the sponsorship

of Ploatinny Arsenal, in addition to yieldlng several now ocompounda
of Interest ha~d confirmpd the or! Sinai concept 6f the function of
a flash-reducing agent and the value of high-nitrogen contentt
com2poun~ds for this purpose. Of these, the derivatives or hydrasifle
which Include the tetrasolee are of the greatest Interest.

xn *~, h first or sovoral. contracts having for their
purpose t~ a tudy~ of .oompotiod. of high nitrogen content, as'
poteon I&I tlash-reducing agentsp was entered Into between Picatinny

* ~Arsenal and Profiscox' Aladrfeth of the tnlnveroit7 of 111in0is.
Ulnder' theve *oontracts, £ large numbop~ of hydraiv e derivatives
have 'been prepared, sevra of vhiob for' examiple, otrbohydrazlds-
N-carboxyamide, 0a2.bohy daaide-tN,Nt.Aioavboxyamide and Vreido tetra-
zole, offer oonsidera~jle promise. Other comipounds prepared at the
Universit, of .tllino'.s, ouch an hydrA.gine derivatives of thio-
c arboni aciod are not being further evaluated. A ready source of
hydrazine should improve the availability of high-T'ttrogon flash
a~nd amoke Teducing Agents. For this reason, in July 1952, at the
request of Pioatinny Arsenal, and under the sponsorship of thej
0f ice of Ordiuavie Reaearoh, ar investigat~ion of po~'ibille nowv
routes fop. the aynthel:,i.of hydratine ha.. bevll litlated. at the
Universi ty of Illinois nder the supervision of Professor Audrieth,
but It Is yet too early-to report'at this time,
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PRELIMINARY STUDIES OF YTMAZINE - H!DRAZINE 1ITRATH

MIXTURES FOR PROPELLAXT USX

by
(. .a Volt.

se wolf
U. S. •av1 Underwater Ordnanoe 8t&tIo.'

The possible application to torpedo propellant use of hydrasino-
hydrauine nitrate-vater symtvmv Is discussed. Theoretloal per-
fonoanoe data are &Iven togethar with the results of the prollainarl
evaluation Ot shook adnaitivity, thermal stability, donsit ,,
visOosity, and freezing point of eaOh system. The proposed program :
for the orpariwantal evilluAtion of the performance of themost
promising of these systems is outlined.

. The primary objective of the work at USJUOS en propellanuts
Is the atta~imnt of geater torpedo speed, range, or payload by
providing with the least weight and im t•e smallest voluer an
energy source vhioh will provide the maximum amount of available
energ for extraction by the paver plnnt. The more nearly thisS~oh jestrev Is realised, the greater beoomes the probability of
obtaining a tril!y high .sped, long range torpedo. • be

ob h propellas t efficienct while alewas dteeprblabilit obe

sacrificed tu some extent for the Increased reliability and
lowered cost of a uiore simple valving and tankage system. This
saro'ifice can quite readily be made , for example, in smail ASV
type torpedoes or for mine use. It was with much possible applioa- Ir
tions in mind that the Newport monopropellant study was begun.

The seleation of a propellant systeou Is based not only upon
.ts thermodynam•Lc oerfounzne but also upon the wake it oan be

expected to produ¢c. To properly uafesuard the submarine's
greatest offensivo advuntago - stealth - the torpedoes it launches
should be essentially wakeless. The presence of wake from airoraft
or surfacs craft lauwohod torpoloes is much less critical. For
oert&Lan special applications, such as exercise firing, wake is not
merely permissible, but is a major requirement.
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CONFIDENTIAL
'rho ideal moriopropell•a•t for torpedo heat ovIw.ne use should

decompose smoothly and rapidly into pr.oduots of high temperaturo
and loy molecular weight. Cooling of these producks to the 1130001
wuximum perminsible working m.dium temperature for torpedo turbine
use vould be occompltished by dilution vith pumpod sea Vater. For
internal combustion engine use (vith practioally no flame tempera-
ture limitation) dilution would probably be. unneoesaary.

Thermodynamio aalyses wee eareca edout feor v•rious m*no-
propellants. The results or these analyses tog.thor wt*.h the
results of similar analyaoa of other types of propellant systems
are shown in Figure 1. Also shown. In Figure 1 is the mole of
non-soluble gases per hp-hr calculated for eaan system. This
value th an Indication of the relative wake to be expeoted from
sach system In similar- torpedoes of equal horsepower. The result*
of those thermodynamic analyses Indicate that, even for larger

'toroodo turbine paver plants, the une of monopropollants Should
be oonsidered. The small available energy difference betveen
H i - Diesel Fuel - carried diluent and osrtatn of the monopro-
p~lhants would be more than counterbalanced by the increased
reliability resulting from the reduced tankage and valving require-
monts of a monopropellant.

TMhss results also indioated that a thermodynamio analysis. of
hydrazi.no-hydrasine nitrate mixtures for monopropellant reoiprooat-
ing engine applioation wan vwaranted.,. Figuro 2 in 'indicative of
the resllts of this analysis.

S~~~It In rathorP dif.ficult~. to cOmparo the theor'etical perfommadloe

of a hydrasine-hydrazine nitrate solution in a givon reolproeattng
seugi.ne to the uxperimental performance of a more fa.ailiar propollant
system4  3hould, hovevor, both systems have identical rear.tion
effioienoies, a 10-90 mixture oontaining 20% Wator would give a
propellants ounsumption rate per horaepover hour approximately
equal to that of the preeent reoiprooating engine propellant
a3stem (85X F2l 0-Diesel Fuel). The theoretical analyses indicatel
olearly that flydrazine-hydrazine nitrate solutions merited further
study for torpedo power plant applioation. Since the literature
aurvey made In connection with the USNUOS mennpropellent program
roveoled no data on hydraulne-hydrazin. nitrate solutions of more
than 50% hydrazine nitrate, a prellminnry oxperiluental evaluation
of the more concentrated solutdions vas initiated.

Preliminary avaluation tests wore made of various hydrasine-
hydrazine nitrate mixtures, anhydrous solutions oontaining 50 to
95% by weight X2H5 N•N and water solutions of the 10% NAHi - 90O
N2 15 NO 3 mixture.
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Then, teatSe made for 931908 by the Burfoal Bleativeohemi@&

COMPAny, are oIntied am fellows:

~a . ingot~ sestvt at room "emp1'a'urs "an at temper'atures

b, Ybenmal sensitivity tests s at ebont pressuure up to axuSzareboiling Point "An boft toot@ upto$ *zl0810AOf the SiAtUrsa.
a . Detonation propagatiem teost..
6. Determination of freesing paint sad mo~m tinperature

densities and -viscosities.
Mixtur'es of hydranine aso hydaasine m toet Von parepared by

reacting monJAM Lit mate With Aftya'aia 4  %,hydraziae.
SOlUtIOS Pre.par'ed wone 5-950,. 4 00 - 0,o-60 50-50weight Veresot hrtaasias -bydirasinen1aaeuauispu b 0mixturwie~ '. 7 )To 30, and ICQ water by veight.

the mixtures were tootia fox' impait wensitivity in a madifiedsueau ot mine@ liquid explosive in Wit tooer e, %icing a 100 kgi-em
igtrep' all toots. A beated anvil wasn wed rep' tests aboe" ronmtempermature * The owitea'ioa fox' a non-inap. sensitive mixturme Valestsb3ished as no detonation In teoo tests.'

Ambisat pressure theroal stability tests were mAte in a 50 oa
'1 ~glass beaker with provision made tow variable heatin rate.r'mpaatuwe of the osamle, was recorded oontLnuiousIV4 Mhe thaeaml

i9ta~ility bomb tests wor'e made In a eanstoat v@1u * buwb containingfive or. mex' dr'ops of best solution and provwided with a beatsources temper'ature of the vapor' Over the lipi~d was rnoawiedcontiguously. No attempt warn Mde to Meature the Pr'essurxe attained.

tubestVO prOpaation teots Were made in stainless steeldiameter ) toot loss) trlled with the tpt solution#sand titted with No. 4electric blasting Iap Or ND-01 Gangespplaoies. The tuists were first miate wth elamma wimps. If nopropagasion occurr'ed, the 1arger No. a sap were tried. To providea basis for aempartsoA, tests with each detonator were mate iUW.A
water as the tout 'iluation.

The via osity of all the miztux'eu was detormsined at roomtonpaxatwre (TOO?) with a 100 Oetweld viueemqtew. Nydroamatox'
4 ~accur'ate to If weex's aed top' the determination of density at y5op.Pr2essing point toots were mae" Is a bath-oooled test tube oantaix..~~~'1 Ing 20 co samples and fitted with thezmnomtp "nt etipiex. pOint.

Sdenotes 54 hydraxine, 95% hydwasIne nitrate by weight

VI61
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CON79DENTIAL.
of first or stallimation. and !f complete solidification vow.
obtained with an accuracy at 1%. There appeared to be no tendency

to supercool.

Figure 3. These tests show that tho seaisitivity of the mixtures
inoranaed with hydratmen nitrate content and %lso with storage
'Amo during the first weeik or tvo. Removal of I)ayroafresh4 50-50 mixture by. evaduation'did not change heg imparcut
.seusitivity limit. -The incroased sensitivity Dn storage ma7 be
due either to chemical-reaction or te preai itation of small
Quantities of hydras$Jne nttrite orfasisa R. e trystaU, are
believed to be rather ivapact senmi lye. ~ ~

* All of the mixtures teuted behaved smizlarly .n teoe
beaker thermal stabilityr tests, the results or which are'shown
An Vigure 4., ViG~~rOU1 rd00OMPOVIii0io Of the aixtursc without water
occurred between 440O and 4i909P'. The 1.0-90 mix~ture LA water do-
composed vigorously between. 475 and $TOOPS The slightly lover
reactlon tAmperflturea of the 10 :and 20% hvdrazine oontent sam(ples
way be due to experimental error. A substantiail Oenisity increase
was noted in% a 30-70 mixture aft -er heating to 3009Y and, then
cooling to room temperature. This solution becameo almost crystal-
line an cooling, This Indicates that in all these tests the more
volatile hydratine and Water 11ad boiled off, leaving the nitrate
behind to react. These boiling tests Indioste th*t the mixtures5
tested can be hedted cafe17 to at leasst ~400FV n opn conntainer*s
with no reaotton other than evaporittion.

The closed bomb thermal stability tests gave temperature -timeourves vhiob Indicated reaction at temperatures lover than those
In the open beaker tests. A typical tonmperatura-tims curve Is

sonin Piture 54 The results of theme tqots are summarized IA.

Nixtures containing less than 61,% hydra;ina nitrate showed n*
suddezi temperature rise, but had regio Is of constant temperature,
111ose mixturees 0ontaininl more than )O0 water gave no definite
reaction. Th.. tests Indfoacte that 250 F is the upper safe tempera.
turc limit for hydrsgine-hydrasinq nitrate mixtures Su sonfined
containers having an air space. It Is possible that hidramine-
hydrazIne, nitrate-vatA, mixtures containing more than 30% water
can be kept confinaed at much higher temperatures, since the water
vapor formed would act as an Inert diluent of the combustible
vapor in the olosed system,

The detonation propagation tests were made Immediately after
p reparation of the test solutions and at on~e week intervals there-after. A summaLry of the results is shown in Figure 7.Where
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MADAZIr;-W=DAZIN NITRATE MIrTURRE

KPflCT- 0- LTORAOR -(?ICT'10 g-a

* IIKPACT S3ENSITIVITY TEMP LIMIT
NZ1% 1124,10 3 TEMP LIMIT-PR359 SOLK. AFTER I WEHVB 5 TOHAWI.,

10 90 1760P Ae. To ~ J

so 80 1760? fl..

3 0. TO 2850?

4060 . 85or 860?

.50 so 19I40P 140

1090+ 12

10 90 -+3 7% 1120 solutions 3 veesold01
man.-±anpact sensitive

0 .90 9+.10 7120 iup to2120?

10 ~90 +20% H21'
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¶ reactton va,5 Inittat~o by tho detonsatr, the brisence or shattering
effent was isuch as to indicate that exploalon rather than detner-
tion "I occurred. The reoults incdizate that mixtures cuntaining
no water are unsafe to handle and that those containing water are
relatively safe.

The results of the physical properties determiuasions are
shown in P1ieure. (, 9, and 10. As expected, the viscosity of the
.iydravi~ne-hydrlzine nitrate mixtures inoreaed nis the nitrate

contnt ncreoodandthe viscosity of tho 10-90 mixture decreased
with incraased wacor content. Densit7 b'havcd bli-lall'ly.

The point of first orystallilation on cooling oocurzed at a
hie-or temperature as the water aoonztnt of the mixtures Increased.
T.e a.txture containing 20% water ohewed a sharp freezing point
whilo the wiixLut- of higher vwetr .uoi-tent fez, wed slushy mixtures
a few jeconds artor the app.arance of the first crystal. The
40-60 mixLuto shoved no orstal roriatiton dosn to -41OC. where
cooling was dis~ootinued. J1

To reOapit.ul•a•t, the roculte of this preliminary eporisenntil
evalua.tion Indicated the following:

a. Hydraazino - hydraine nitrate mixtures containing 50 to
95%, or the nitrmte are otable in -air up to 400oF nnd in a confined
volumo with air, space are stable to 2500F. The range of heat
stability is inoreaed by the addition of water.

b. The hydraztne-hydMrzine nitrate mixtures above 50%
nitrate v•ere 4o•ltive to impact at or near room temperature and
were exploded atiter one to two week storage at room temperature.

o. The 10-90 mixtures with 20 to 48 wt percent water were
nut sensiLive to 100 kg-om shook-at temperatures up to 2120P and
vord not uxploded by a No. 4 electric blastiug cap after three
wooks' storage at mjom temperature.

d. T'e points of firt crystallization from the mixtures
Oontaining water were well bolov the freezing point of water.
Mixture. containing .more than 20% water did not freeze solid atthe point of fJrs.t orysatal~liation.

It appears at this stage that the mixtures containing water

still warrant consideration for monopropell,%nt use in torpedo
propulsion. Further ovaluAtion is, of course, necessary. Re-
action stand and dynamometer studies am well as long term storage
and handling tests will be made as the work load at Newport
permits.
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BOOM TM4PERATQ•S (0•7o) VI8CgOITI•' L OF ,ABILU

HMRAZIfEl-I-RIAZI MITRATA MIZXTURES

0?WTW ER O AV MflGB VISCOSITY
X" .

9o5o 5 7.5

50 90 0 5 7.5"

5.2 46.8 48 5 2.008

6.3 56.7 37 5 2.226

7.0 63.0 30 5 2.569
8.0 72.0 20 5 3.222
__o_ o 1:00- 5 21010

Literature value for,.water 1.007
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"DENSITYO O W2Ifj ? 2 E5q0, MIXTIMS A? 7307

mom %-DIMITY 1AT 730P

5 • 0 1.38
10 90 0 1.35
20 80. 0 1.29
0o 70 0 1.24

40 60 0 1.22
50 50 0 1 .18

10oo -- o 1.013
0 0 100 0.9.975.2 .6.8 4.8 1.255
6.3 56.7 37 1.245*w

7.0 63.o 30 
* 1.280

8.0 72.0 20 1a290

* Expe'tImeital error - &ooordin to curve should
be 1.271
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OZN~0 FIRST CRYSTAL F0RMATI0N. IN

MMMMAIN-MLAZZIM NITRAIS-WATE1R HIXTURES

MAK %N2M5 N01  0_~ TIMPEATURE or0

40 6o -41.8 (nlo crystasl)

5.2 6.8 48 -21.0

.) 56.7 37 -45.14

7.0 63,0 30-56

8.0 72.0 20-6.

FIGURE 10
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CONFI•DNTRIAL
It is hoped that thlu program vll reault In a torpedo mono-propellant of practical utility, a monopropellant comparable to

ll:•O -diesel fuel - carried diluent In 9n!rgy and having aocoptable
to e an6 handling characteristi•s.
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COHDEN'TIAL

EXPERIENCE IN USING H!MRAZINH AS ALIQUID NOCK9T FUn AIYD AS AN IGNITER FLUID

by
R-.3. FOSt.r And :. Smerda
"Boll Aircraft Cox-poration

-Presented by
R. B. Poster

PAT

In February 19118 the Bell Airoraft Corporation undertook thedewilopmont of 4% liquid propellant r'ooket olginio uo0nA hydrogenperoxide no the oxidizur and hydrazlun an the fu.l. This poveorplant was deoignond as a ground launoned ai'-to-alr test vehiolefor Projeot M.I'1TL2, sponsored by the Burzoau of Ordnauoo of the NavyDepartmuent.

The reasons fop melooting these propellants vero as follovax

A. Good Performance -- A relatively good Impulo, particularlyS~density Impulse, which was imperfect for this type of missile.
b. Compa lratively wall Buited to use aboard ship. Therolatively high frooz~ing p~oints of b~o~h propellants van not an

u N o other agency van working on this propellant combination
and It a.ppeared to be vorthy of development.

d. PrOpollantu were hyporgolio and porritted rapid Ignitlon,and rapid rates of ohambor prossure riae. This vas particularlyimportant becauno or t.ho short liring time.
The concentration of the hydrogen peroxide uned was 90%.That of tho hydrazino was nominally 95%. Ho ever, a combustion

catalyst vetx added to the fuel to aid in the deocmposition of theperoxide. This catalyst consisted els
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CONFIDENTIAL

1.18 grams of potassium ferricyanide per 1000 oc of fuel.
0.47 grats of ouprous cyanide per 1000 cc of fuel.
0.30 grams of sodium cyanide per 1000 oo of fuel.

These cat-nlysts were first diasolvsd in a small quantity of water
and tha solution was then added to the hydraznln. This resulted
in an actual concentration of about 93% hydrazine. The ignition
delay time of this fuel with hydrena peroxide appeared to be
about rour millisooonds or less inder room temperature oonditilons.

The performtnoe obtainable with thiu propellant combination is
shown in Figuro 3.. The theoretical spoeifio impulse. vau calculated
on the basis of shifting equilibrium "d indicated a MximuJ
specific irmpulse of 243 uoondo At an oxidizer to fuel ratio of
2.04 for a chamber preasure of 300 psig. The actual design
opopeatin3 point of the power plant wan at a mixture ratto of 1.67
wher e A apoeifio izpulao of 226 to P28 secondo van obtained at
rated chamber preseure of 300 inig. This represented
94% of the theoretical npeoific Impulse obUdn-iublo at this vdxture
'ýAtio. The averalyo propellant danuity vAs 76.2 lb/ou ft. This

resulted in a density 1.mpulse of 17,400 lb oe0/ou ft.

Later in the development prcgran thm ohawber pressure was

rained to 450 psig in oxyljr to roduco the volume of the povar plant.

At tJbis obAmber pressure an actual opolflo .iipulso of 239 soconds
van obtained In a ceramic ch.,mbor having a charact.oeistic lengthS~of 4,0 inches.

The performanas data for the povor plant in presented in the
folloving tables

Thrust 350 lb
Duration 15 see
Mixture Rutio (04/) 1.67
Weight of Oxidizer 14.•6 lb
Weight of Fuwl 8.35 lb
Total Propellant Weight .22.95 lb
Actual Specific Impulse 228 sea
Density Impulse . 17,400 lb soo/ou ft
Overall Spoolfic Impulse 109 seo at sea level; 118

e00 in flight
Thrust to Engine Weight Ratio 7.28

The size and oonfiguration of the missile itself is shovn In
.I..are 2. The missile van accelerated to supersonic speed by a

~JP-.'274
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solid propellant booster rocket. When the boost rocket Val
eahMustod and deteched• the liquid propellant rocket It the missile
was fired and sustained the hil velocity attained feor SEprt4d of
15 seconds. The missile was a o inches I dIameter and aout 7
feet long.

Since spaee was at a premium. the power plant had to be made
to compact as possible. This ow e of the Faotors favoring
hydrasils as a fuel, FPigu 3 shows th power plant components of
mS missile assmebled as in the miss18.. TUs tanks vere located
close to the center of g$2eity et the missile In order to minimise
o.g. travel during expulsion of the pro~ollaats, The individual
ooaponents of the power plant can be better Identified ia P1gw• •which shove them dissemlled but in their proper relative posl.t•a.s,

The short large tank was the nitrogen pressure accumulator.
Oas was fed from this reservoir through the start Valve and
pressure regulator to a tee from which separate nitrogen lines were
run through stainless steel check valves to each propellent tank.
The ~larp long tank had a partition In It which eeparated the fuel
tank far the oxidizer tank. The fuel tank Val he smaler portion
forward while the oxidiser tank was the larger seaI-Lo Immediately
bshid it. The pressurisation system down to the check valves was
made or aluminum pesimarily.

The propellant tanks snd feed lines were made of 1147 stainlesssteel. An 300 series stainless would have been satisfactory for
the hydratine tank but, because or the hyda, "a peroxide present,347 stainless steel was used for both tanks. Dome of the smaller
detail parts of the hydrasine tank were made from 304 stainless
steel, however.

Attachments to the tanks wero Bade using snap rings. Ileoppons
rubber n~ ring1 were used for seals In the hydrasine system while
olyothyrle ""rings were used in the peroxide system. PrangtIle
*as were used. to contrl tho flow of propellants f the tank

to the thrust chamber. These Vwoe made of alumitum, in both
propellant systems. The only conventional valves used were in the
nitrogen pressurisation system.

'xpulaio. bladders were used to insure complete eopusion of
the propellants without passage of gSo bubbles. Tbe bladder usedIn the hd• lisne tank was made of neoprene rubber while the one
used in to hydrogen peroxide tank was made or poiethylen,

The thust chamber consisted of a s•t% oess steel Injector
attached to a steol shell containing a NIfphat ceramic ohvmber and
nozzle Insert.
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The Complete power plant weothed aPPcoximAtiOn 48 pounds eMptty

One or the characteristics of this propellant Combination Is

the relatively low luminosIty of the combustion gases. Wben the

pover plant in running the oxhAust jet In just visible. The flaso

has a transp&rf nt green color with a fey reddish stra•ks ini it

In startiA6 the roket engine, It was found necessary to lea

with the oxidizer or at least to have a oizAult8qpeous entrance of.

tie pro ýants. This was accomplished by having a thicker !
f - - -bre dio on the h~drazine tank outlet 8udvacudb

sLfoly accompliuhed by running out of either propellant. Xn one

instance, whore h.drogen peroxide was inadvertently shut off,, the

motor continued to run using hydrazine as a monopropellaflt. The

oeramic nhhabsr was red hot, of Vourse, when the peroxide flow

vyan stopped.

The loading or the missile was accompliuahd by using tanks

"oontaiining the anmont of praopllit requirod to proporly fill the

:uisuile tanks. Transfer Could thus be aocomplished r'dadily vith a

mlnimism of upillnge or haznrd (Viguro 6). Although the technicians

wore protective Clothing primiarily beoause of the hydrogon poeroxide

being used, the olothin wasn useful in minm.Zi2n1g the haszrds of

skin ountaot with hydrazine.

No difficulties vero experienced due to decomposition of

bydrazine. However, precaut ono wore taken to onsure that toet

. quipmont and povor plant components were alvayu clean and free

of dirt and groano ar other contamitnants. In fac~t, tois pur3YnI55

of standaLrdization, the sonm procedures vero used. for olennIAMS the

hydrazitno systom as wore used for the hydrogen peroxide system.

quantitios of hydrazine have Wien stored. at Inyokern for periods

of Oil months vwth negligible decrease in the oonoeutration of

hydilazine. No peoroouel injuries or illness occurred during

approiimately four years of operations which could be attributed to

tho use of hydrazine.

Dome liquid rocket propellant cowbinations are non-hyporgolic.

That is, tbey do not burn upon misxing and must be ignited by means

of an eleotric spark, glow plug, or other means.

Probably the simplest method of obtaining Ignition Is to

start the combustion using hyporgolia propellants and then ovitoh

2~80
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" to the non-hypergolio propellants. This method has been used at

Bell Aircraft Corporation tor a number of years at a means of
obtaining iGnition in aeld-gaaoline or jet fuel thrust, chambers.
Combu,. iion i -initlatod by means of a slug of hydrazine placed in
tho fuol line aheotd of the Jart fuel. This hAS proved to be a
simple and reliable means of IgnitinK Acid-jet fuel rocket Ongineo
where repeated starting is not required.

The hydratine usod for this purpose is not a&hydrous hydrasine
but in a composition close to the outeotio composition) namely,
68-65A hydrazins. The remainder In water. It can be seen in
1'iguro 'f that the freezing point of this liquid is veil below 400F,
which io the freessag point of white fuming nitric acid. Ostia-
jfaotory start* have boon made consistently at all temperatures from
- 1 O°F to plus 1600F.

The roeaons for %olocting hydrazine as an igniter fluid ares

1. It is veryp hy*,nvolio wit-h vhite fuvosig nitric acid, and

2. It burns wvthout lwaving any soot, coke, or other residue.

S'_ •Its major disadvantage in tts high cost, However, approximately
z of o1* hydrasiau i- lised por start and thin is oconsidered ooonomi-

cal because of the reliability ot ope Ation and freedom from clogging
which i* obtained.

During four years of oporation 4pproximately 5000 rocket moto•
firingr hIAve boon mcle using hydra~Ino as an igniter fluid. 5ince

. record• o.f these firings are incomplote, it is not possible to
I dotermine tho exaot nubeor of startirng malfunotious which were due

to the ueo of the starting fluid. The number is not largel
probably not over tWonty.

Pour are krL.vn to have boon o'uued by accidental dilution or
' .h lydraziuo vith water. Theae resulted in no ignition at all.

This has boen avoided by purohan3,n hydramite in the desired con-
contration and acceptance testing the fluid to A spocification.

A few vero caused by using too small a quantity of hydrasine.
Those resulted in no ignition or in a small pressure rice andf'alluro to sustain combustion.

Probably the greatest number vezre caused by the presence of
jet fuel ahead of the slug of hydrazine. This usually resulted in
&n explosion. It ocours only on re-running a test thrust ohamber
an a rosult of incomplete purging of fuel from the previous run.

", • It would not occur In operation of a missile.

• - , . . ( 283
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Dilution of hydraslne vith joet fuel is avoided by inserting
the hydrazine In a portion of the fuel line betveen two valveL.
The dilution-vhich ocours after apenitig of the valves it Insuffioient
to affect ignition.

Theme ard the only ,au.es of failure experienced with the us.
of hydrailne. All of these oauses can be orreoted or avoided by
proper design of the fuel esytem oomponants. •

Reoently the position of hydrazino for this purpose has been
threatened by the developwent or mixed alkyl t.ith.o1phosphite'
Ti'his compound ham been evaluated as an igniter fluid in comparison
vith hydrazine and has-been found to have a shorter ignition delay
time. The amounts of dellosito whioh form in the chamber are 'not
.erious and the cost of the mat6rial is expeoted to be oonsiderably
lover, Ir freezing point dfpresmants for WYNA become feaulblbe or
It RFNA is uzedt'some such fluid a. this must be used since th.,
freezlng point, of the hydrnaine i too.high.

Therefore, the continued use of hydrauine fo; this purpose
, not appear too promiaing in the light of future requi.rments

and recant developmnentn in hyporgolio fuels#
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OEJPAL ExJERI9C11 WITH HYPRAZIWNE AT AEPOJR?

* . by
"' . X. N4. 3ilsn .. . KUlner, n. Oardon, and 0. L. Randolph

Ag Aerjoet-Oeneoral Corporation

I. Presented by
.oo tds. M .Wilmon

:; •+os.k• 142tor Atud&,, .. .

During a study at Acre jet of the use of hydz'asine in rocket
motors, Man generators employing hydraztiu both As a monopropollant
and in vary Neel-riLh bipropellant systems vith nitric AO.d werebriefly investigated. Because other contractors were c.umining
the rsonopropellcnt nyam with sowo cars, the main effort vlaconcentrated an dusteruning tho ruitoibility of operati4ng a gas f
generator with hydr aziho while ailnultunoaucly in Uoti~ll smaill "i;
quantities of white fuming nitrio &aid. It ahould be pointed outthat this work v•a done several years ago and was only exploratory I.in nature. Primarf donomposition of hydracine to ammonia andnitrogeon i easily 40cooplisbed, 'but yields noxious ,auon at 25090P.
Tho Ifurther docoriponItiom omplotely to nitogen and hgdrogen
absortb heat (reducing the chambtn temperature to 1070 F) and re-quires a rather larce catalyst bod to obtain £ high gas yield.
By Initially inýeotlli a I:il mixtire of hydrazine and nitric acid,

* a tempmrature or 4670or is obtained, and by thean injouting further
nydrasino, complete doompouitiom rosulus, In a muoh nWl1•lZvolume than is possible when only the pure fuel is uued, Calcula-tiona show that approximately 6% of ni.rio acid is euuiioaent to
poduoe final gas temperatures of 1 4:5 to 15250P, a convenient

temperature rango both for Sas turbine operation and effective *,

decomposition.

The gas generator chamber used in theme tests van of 1.75 in.
innide diameter, and had provisions for the moasursmont of tempera-
ture along the wall at one Inch intervals. The injoctor consisted
of eight groups of like-on-like impinging hydrozine streAms, the
WNXA boi n$ introduced as an impinging straim with 2 hydrazine Jets
in S centrally located ninth groups a molybdenum baffle vas present
three Inches from the injector face to help mix the hot gas*e. An
l* of 393 Inches was used, and 66% of the chamber volume van filled
with a catalyst consisting of oquimolar quantities of Iron,nickel, and cobalt salts on al',mina oxide pellets. Temporature

,..,, profiles for three different mixture ratios in this gas generator
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CONFIDENTIAL
are shown in Figure 1. It was concluded that with further develop-
muent work a gas gnnerator that would be .maller and more efficient
thanu cn using hydrazine alone could.be built, it having been
shown that the syetum Is feasible.

Time does not PoriMt nalan into the deta:ils of the extensivet~esting of hydrazine Grd VA a a 40O0-1b thrust rocket motor. '}

Results available in Aerojet Report No. 488 show that smooth coa-
bastion and performanoe values in excess of 95A of theoretioal can
be obtained. several sbort duration tests at a-thrust level ofappoooal 400l lowr aewtotdfiut.,... .

In rilr o motthe need for aravid'vethod for t-mrotn1 an aly si s of hyd razino sawil~ m nattdti oa was given to methods oth er n

the-n the olausloal potasbium lodto titration .,' a "ydro~hlorio
aold colution of hydra:,Ine. Altholh c'palbln or a high d.,irao of
a &ucury this lal~tar procedure Is not rapid, and dotermination of

* the exaot' end point Is often diffioult. 3inoe this titration
renults In the quantitative liberation of nitrogen, a series of
toutt wat mudo to determine whather nuffiiolen accuracy oould be

* aohievvd by the oallection of the nitrogon in a siLuplo g&hmiiuring
apparatus. Because patanaiim pet. nann~ta trs ucually available in

, any laboratory, this, .oxidizer was ohosen for the teat , the libeoa-
tion of ttrogen. being clunntitative in baci. ,slution, The equipment
oi shown In Vigure P. The 500-v1 oudioueteo was construoted by

drilling a hole. in the bottom of an ordina•ry graduute cylinder.' A
uamplo of approxiiLute]y 0.5 S vua woighfhd by diffortnou from aP
ihypoclermito yrin~o, introduced into the 250-uil XJolda2l flank, and
10-1A of )IN sOdiwui hydroxide was addod iminadiatoly before
oonnootirig tho flask to the rubber tubing honeath the burette,
A osaturted solution of potasolam permanuanixte van then added
from tho burette until an exoasm wau viuually pirerent (qpproximate-

to V l); the voluPio Of EAS weA then read And corrected to
ustandard oonditiorn. A sorsootioe for the voluno of titrant added

was also made. Hydrazine solutions in water of various conoentra-
t.Lont; vero analysed in tide mannur, as well an acme oontaining
small quantitios of ammonia, the oommon irmpurity in hydrasine.
Results shown In Table I indicate that even with -he sImple
equipmont used, the vothod yields results sufficiently accurate
Or many noeds. Becauee no standardized solutions are needed, the

method should prove convenient for field analysis of hydrazine for
rocket units. With a more accurate gas-measuring device, such a
"method also appears worthy of the more exacting demands of the

"P ',research laboratory.
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AZOMETMIC ANAALY3IB O2F EMDAZRZ

__ _ _0_______________ Vt Ngujtoby
Titrtio GIO ta

Com.N•ff 4  -95.0 ..

o.+Av 95.1

S 'r• o = = N A• + H 0 35 . 3 . 35 . 3

AV 35.1

Covm. f, + NH40oI to give 07,2 87.4
1 .7h If!,

Comma. HJ 4X + NlU40 to give 74.6 75.4

Av 78.7

"" -0

AV" 98.8
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DISCU3SSIO ON PAPERS BY
DANIEL B. MURPFI, SAUL WOLF8 R. B. FOSTER, AND Z. M. W3h3O5"

TiE CEATRMANI We san nov open for disoussion of the pa•e•s
Just givenj diaoussion and questions.

MR. WiLSONe I will raise on@. Does anyone :see &nythInjg
wVong with this method of analysis ve have been usin I We vould
like to know If you do. It in frw quloker than the other methods
I have soon 0o far.

(No comment)
104 CAM?B=:, I would like to ask i(•. Poster vhat was the.. ohamebez, pre, sure of the METEOR.

MR. FOSTER: 00 pounds.
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LOW-FR*EZING 1YDRAZINE VVEL FOR ROCXZTB

by

S. D. C&Apbeoll, 11. P. Jenkins, Jr., and Va. Oohen
U. S. Naval Ordnanoe Test Station

Presented by
3 .D. Campbell

This paper conoerns the fuel that was developed in the Liquid
Propellants Brmnch of the Naval Ornlnne Test S•ttion for the LAR
rocket&

The LAR io an ezpriwental airoraft rooket 5 inuhes in diaetetr
and 110 inches 1mn. It has the very short burning tiza of 0.5
seond and produops a thrust of 17,500 pounds. The burnt velocity
Lo 8bOUt 2400 rt/nao. nesauee of ovRrall nizo limitawiona, the
combu:|tion ohambor of the IAR cannot-be larger than 5.0 inohes in
dAT.oter, nor hnvo a oharaotvrintio ohatbor leugth (L* ratio of
ohanbor vuluwu to nozzlo throat arma) mush greate. thai 8 inohou.*La, 40 poutdu of liquid pa.opollants wust burn in It in 1/2 second.
Sush a high burning rate has never before bee- approaohed in a
oonvontional. liquid propellant rocket motor of this size, This
vIa %"Ldo possible only by utilizing a fuel and oxidant combination
*vhoh van capable of roustiag with a very high velocity. Thuo it
was bhat hydrazine was chojen .an the fuel, and PFNA containing
20 peroont No P for the oxidant.

The use of hydrazine as the LAR0' fuel has been of paramou.it
importance in its devolopioent program. Its high performanoe and
speod of oombuotioh have made it virtually the only fuel capable
of wout~ng the striueunt requirements for uAe in the LAR.

But bydrazino of oouroe has its limitations. Design it•ooifi-
cations for the LW roquire that it shall be operative at ompura-
turou an low am -65OF (-540C), necessitating that the fuel'freoze
at or below this temperature. Also, our engineers have estimated
that the viauosition of the propellants should not be greater tbam
35 oentiotokes at all temperatures to attain nleaolds nurbera of
at least 40o0, which, it Is believed, would permit a satisfactory
degree of turbulence to promote effioient mixing. Thus, a probles
of considerable magnitude presented itself.

Approximatoly 120 freesin, point depressants were considered• .:• ' " ' and rejected as unsuitable, usually because of Insufficient
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CON IDENTIAL
eolubility or because the qunetities of sdditivem required to lover
the freezing point adequately also docroaaod the peroormanco to s
degree unaooept~ble for the 1AR. Awwonium thioO*eaAte, an first
:utSeated by North A"rioan Aviation, Inc. (iRo. 1) was finally
selected for use in the LAB development program.

Preliminary work indioated that a mixture containing 30 Wtsak
by weight of uwmonliia thIooa&rAte 14 70 p~arts ooiniieriial ahhydrouts
hydrazine had a fratimng point close to the desair1d value of -5ho0.
Therefore, until a Tuel of optimum properties could be. devised and
its oharapotovietiee deternmined, hydrazine containing 30 percent
Suilum thiooyanate was utilizsed in our rocket firings..,

A partial freening-pomt-oo1Aation diajr m of the system
Figuro 1. Muthiamon hydzraine u1oayirg 96.0 POXooat N2 HiEk V used.

* Thye uonluA thiooyauate vo.te wakor and Adamson reog,)nt grade dried
to constnnt iroleht and ana7-d au 98. per-o.ent IhiR IM. Inspootion
of the ouyvo rsvoel, that by Inarearciug the oaount or thlocyanatee
from 30 to 32 peaeoont the desired VP or --54 my be bta inod.

The visoosity of the. 30 percent thiooyanate fual van measured
with a Pe~nu1e-iAodlfiod Onturnld viscosity pipat placed in a
theroatated oelar Doyer flek. A plot of viscosity vs t~wperatur
is soon in Vi.ure 2. It will be noted that the vlsoosity at the
frooioS point (-116.25° 0 ) 1i about 32 ointistoL-.. -. that is within
the ncoopta.ne luit .t. At the ti.,- of this vritlag, visoosi;y data
on iydr:)..*ino oontainiixi 32 poitconat thioaoy.auata, - the oompoaition
whioh rnuets the ti-•,ng point r•quiroatot - had not yet been
obtaintid. Hoiovur, it In eoneotod thnt the vitoosity at -540 vilx
be un~coeptably hiLh. Thorofore, work will be directed toward
finding a cuitable additiva to lobrnr 'he viwoosity. Amintonia,
porh1apu, can be utilized for this purl -te.

An Impinging Jet appar.atuo has been uned to measure the
ignition delari of thono fuels. Using the LAR oxidant, RFNA
containing 20 peroont NO., hydrazine gavu a dolay of 5.1 t 0.7
mLaG, vwhereas hydrazime doatnintng 30 ptaroent amuvn1xu; thiocyanate
had a dolay of 22 t 1 risot. Those moaaurerionta wore mado at
aubient temporature. When the 30 percent thlooyonate fuel was
fired at -4000 a value of 62 t 5 mace was obtained.

In order to evaluate the perforwanco of the .0 percent thio-
, ,niate fuel at low tempoatures a oAzall motor of 1500 pounds
thrust was utilized until teets oould be made with the LAA. The

p " • ', 30 percent thioodanate fuel with RFRA as oxidant vw. fired in this
motor at -4300 with moderate success.
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FREEZING POINT VS. WT. PER CENT AMMONIUM
*THIOCYANATE ADDED TO COMMERCIAL

ANHYDROUS HYDRAZINE
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P Firings of the LAR at low te ,or~turea w.2Il be made In the
near future.

A limi~ted Investigation concerning the corrosion and compati-
bility *of the 30 perlsont thioyanate fuel with caamon materials of

constructiJon and ht~ln ha * 'Doan msade.

1'igure 3 presents data obtained in the evaluation crusetal@.
klvmtnum, alloys Valxe fax' superior to uny of %.he other' motals tested.A131 347 stainless steel was attacked, and- colored the fuel
solution withiu-ne on ek's time. Un2.ated mild stool warn rapidly
attacxked an*5 a precipitute appeared Inathe fuel wit in 24hours.
Chrondm~i plated mild stool, bowever, appeared to be satisfactory
for about oue -month before the plating film broke cUovn.

Fligur* 4 lists' the results of tests with non-tmntallio nuaterials.
As expetted, teflon and polyethylene scenied roniatant to stt~ok
by tho fuel. Ite uere surprised-, however, when Kel-P dAu'kensid after
one munth's &Apousuro and had lost some elasticity after two utonths.
Saran and neopx'omo both suffered attsok within 40 hourn, and tygon
becamie opaque and hardened In loes than one day, apparentlty due,
at l.oast In part, to leaching of tho plasticizer.

An unusual feature of using wnuonium thicoyanAte in hydrasin-s
Is the s~lvolytio reaction uhiob oxours. 1.'igurs 5 illustrates the
hydrasinolysis of arimoniun thiocyanatet hydrazipo and &=uonium
thiooyanate are in oquilibri~um with hydraxontium thlooyanate and
mmuonia. Obviously if the solution is in an open system, ammonia
will. bo lost, and the comaposition will ahawjgo. This in undecirable
because teamnaappears to depress the viscosity. In ordor to

at as ade Saple offreshly prepared 30 peroent ammonium
tthiooynnAte solution in hydrazine were placed in a freezsing point
aell and in a viscosity. pipet and allowed to utand at ambient room
temperature, prote~eted, but vented.

Fin'.u' 6 indleates the change that occurred in the viptoonity
of the ual upon otand Ing At amubient temperature. The temperature
of these viscosity mroanuremonta was -4000. In a period of 35 dhy
course Is beyond the limat of acceptance.

Figure 7 shove the change that occurrad in the freezing
point of tbo solution after standing 36 days at toon temperature.
IT. Uroped from -46 to about -50, where it appeared to level off.
Again'Thia change is attributed to loss of ammonia..
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In addition to t.htse soLutions vhioh ver.y stored under vented
conditions a sample of the original solutiun vwa stored in a
Pressure tight bottle. At tne --Ad .f 37 daýa the freezing point
and viscosity were virtuaily unchanged, indicetitng that c,&t'e-'ul
handling and storage #re nvoessary to preserve the composition and
therefore the dEum.Ied Ifreezing point and vi scouity of the SolutiOn.
Attempts to analyze these holutions have not been completely
satisfactory but have revealed one important fact- these solutions
vhich yere stored under vented conditions lost from 40 to p
percent of the availablo ammaonia.

To investigate the possibility of depresming the freexlr4 11<point even lover without increasing the veight of amoniud
thioc•anate, the use of mixed add.ttives was considered;

Pigure 8 is a plot of freezing point vs the composition or
&Gcditive. Water and ammonium thiocyanate are utilized in vanrous
proportions, the total amoumts of both materiala a:Lvayso.•urdling
30 poroent. The scatter of poit.a is quite Pronounced, paubabl7 !
deis to anaonia beirig lost in inconsistentl, varibl]. at~ounAt.
However a trend is Itjdioatod: tne oomposition ,mestiii2 ftru'
about 21 peroent water and 9 poroent of the thloiuyanat fr.'6zos
At about -59 0 C. This is about !'" and 13*0 louer than o'Utnitiu, with
30 percent water nd 30.peracent ammonluxw thiocyanate, aspictIA'.velT.

Plots of thdorotigal ovaloulntitoas oomparing upeocifil Impulserand density impulse voraus roprollant mixture ratio are.prosrnted
in Piguae 9. T!he oxidiev .I., IIyNA containing 20 ptiroant N02. it
is seen that uSA of the 30 percent thlooyanate r,%okt Inatead of
hydramine doorenous the theoretical value of both of these par&-
motors b about 5 peroont when compared at tho i•ixtmoe ratios Siviug
maximum pulseas.

A speci'fi impulsoe of not lose than 265 lb BeGAb must be
obtained in practiae if the LAR is to meot dooign specifications&
These plots show that at least in theor•, this value can be attained.
A large mlber of rtatic frin±go vwi.h the 30 peircent thiocyanate
ol. SavA-an average speoific .mpulri of 20R. oe/lb, although in anumber of firings values au high au P'5O lb seruAb have been

attained. It ithould be pointed out that these values are obtainod
by Integl'ating the onoillogramt trace of oombustion chamber prescure
ve time. Thio includes the anomalous end-effects of both ittsr•t.gn
and ending of burning. Thus, thu Inctantaneous upeoific impulso
during the stable combustion period is notually so|oevhat higlior
then that obtained from consideration of the firing as a whole,.
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A limited number of ground launohed fltp)lt tents of the LAR
have boen made with the 30 percent thiocyanate f1iel and the
results vero encouraginR. burnt velocitiea of 2;;Q ft/seo vere
attained vith aocelerations up to 19C g'i. Mornf .1ght tests ae
scheduled very soon to test Improvements in design and obt&in
additional b•allstio data.

These dota are necesaarili crude 'nd preliminary miaie time
for a more oomnpreheanive and ersrful study has not bcen available

I due to tight sohedulng in aouk development pro-g•am.

The precedinlg hes covored the highlIhta of our Aael problems
, and our attempts to solve them. Tlhis disonusion has naceasarily

been of the nature of a progress rcport, since vork ja continuing.
There is s3till much to be investigated and accomplished.

jRoforncng

1. NAAXIlXeport No. AL-6i.2* 'Sept. 170 194I8 (Conf'idential)

.3V CYOnPRAO0ZC.I. J, PA,,NT Qjagg

¶This paper contains information relatjig to ia pending patent
vhioh is eubjeet to secrecy orders ismued by the U. S. Uumnwiaslon•r
of Patents (35 U30' (1952) 1BI-113), dicolosure of -dhioh is
authorized under Permit A for the purpoue of this .ympoaiuz and
*its proceedings only.
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C014FIDEDNTRAL

30M TIIXORITICAL AND EXIPRIMERTAL STUDXES OF TrDRAZIN.
AND KRYDAZINZ SYSTEMS AS ROCKAT FUELS

b7

NainalOS, Advisory uonaltee for Aeronautics 1

The interest In hydrazint and hydrasins systems an rocketf uels &ad as starting fuels for Imany non-hypergollo Propellant hinestnh.danendhdsisste arokti

oo~binations, In primarily due to the high npeoifio impulse avail-
able, high reaation-.rates, and low ignition dilayij. The di.-
advantages of the hydrA.ins system vhich affect itz position As
potential rocket fuels are its therual and shook arbility, frozinbg
point, toxicity, andL cost.

The work of the HACA on hydrasine or hydrazine au a fuel
blond is ooncernewd with Itni uue with fluorine and oxygon bltluoridea

* for long-r'ange applicatione, with ohlovine trifluorido as a high-
porrormnoe, storagdbltý prope]lant notnhinntlon, and an ata•.nr g
'fuel for non-hyporgol.io propellant systemio. Concarning the use
of hydriPsina syutems for loW,-rwige applioationu,. the thoorotical
perfor=xiaoe of hydrazine, hy'drý.ino/aiionniA mixtures, •nd ammonia
with liquid fluorinu and liquid oxygen bifluorido at various
chamber procurmn, and altitudtks are presented. The s'eport also
includes soi, o oxperirnontal roeults obtained in 100-pouvid thrust
rooket hengiea using tho hydrazino-ohlorine trifluoaride, hydr•aine/
AummonIA fluorin•, and ammonia-fluorine propell ant combinations.

Also included are the reoutlto of ignition delay studios usain
hydrazins fiol yotems uith white fuming nitrio acid and hydrogen
porozide and sOse results involving the use of the hydrauino system
as tranuatiom fuels for the gasoline-vhite fuming nitrio acid
propellant comblnution.

•M~oretioal Peinro•mgn1 {

The theoretical performance calculations were based on a
chosen reaction and exhaust pressure and were carried out by a

rapidly convergent, suocesive-approximation prooess developed by
the NAGA as described in Reference 1. This method wan adapted for
use with an IBM Card Programmed Electronto Caloulator. The calou-
lations were carried out on the basis of equilibrium composition
during expansion rather than on the assumption of nonstant
composition during expansion. Experimental data from rocket
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CCNFID21TIAL
engi~nes Indicatues that reaombination tAkos plao. ein the exhauet I
nozzle with a rosulting tendenay to approach oequilib;riiA coaosiiption
operation with fuels like hydr~zi31e, &=conia, or hydrogen where

Performance oaslo'iations for hydrauine and fluorine were mAde
at comrbustion pressures of 300, 600, and 1200 pean and at exit r
pressures corresponding4 to nouzzles designed for complete expanelon
at alvi~tude~s of 0, lu,o00, 30,000, l0,000, .oid 77,25U feet.
Ourvom of specific iupao at A otiaanbor pronsure ot 300 psia plotted
uapiant vuiight poroent fuel for the 5 altitudes are shown% in
Fivirip 1.* The zaaxJ.iw.,a daipaifta impu1o fr' tiLe sea-level our"e
1s 316 pound -4uoOuý:) por pound und inortiamou to~ a valuo of 411
powid-uricokids nor' iv, at am altitude of 7t7,,`50 feet, The Values
of spaocinl irmpulio ~1,jLtea ad'dtnaet ve±ight pt 'ooat fuel for the
throa chF'tber ~ii~'uexpc'nd.tiug to soux loval are r~hova in
Pt~i"*j 2. T~oluded J. i. tbu. rilture are linon of conubtri~t ohwabor
*impex'atura Auxd rnole' Vr veit.-&t. '1he M&XIiniii1 Je~ibO1U W11ISO

.'.~iare ill tho 5li;ilItly i'1101 wioh roqjouo in.'t' iuav~ .Cro:.L 316
i 4-"o-edjiper pcwt'. t~t 310O pit& to >6W pou-ý niu por pouad

wf~ie' thoi hydrazu,-fltiorius I-,roD)W11 At cCWi.-atio it IS o~f
.',tovsv.a to kukev thm oj, Li,4;i~, atXx~ w~ oltitul.Id a i IrerafI as at
hiji, c~vu-0 u' rouuur~ws. The in14,.wI>' tbh' ~it'A.il. IA:).JiP .'iiro±apjne

a~1~I .b 1Atudo, ~rmwi &;ua I. vv to 71(,'-,0 nfet fuoý rooldat
am iuuath chw.;boý* pw.-- 6nmu of 3uO, LhO, .,u4 1200 pela is ah.iwA
IN k't5Ir 3. Tho Pht'. sIkOOM'1 j"p1.wo Va1u'J.; It stlIL-level *.4-Pasion
In - ;e ovUo' 16 pe-oM ~ta~ gov! t~iiS f& a c>',wbur Y~rjrb -e of 300

:#v- ItLIo ivi~ptilao _u se is sliplitly ovvv 4- p.jr4;,nxt Itz. #,,; the
&1av0 4tftlor ppoeuoro rauag. Thui o:110.tuid iU410140t tba 1i.2pv tam*@

of di, sp1 altit"OP'. aa i; a~id Iii dtol,'.-itng th-i tiptimnui oh;v'41 4

blatio ito det".v!xu the votl:%rato effect ot 1*L'!rva~v,i,~ O~xtu.lew
ao~iu nd Oil2 uo.-le 0- w~n~iion r~tio armf r~o ini Refoieaos

P. T'Ix J~ovQltm MU~iatext tiat an .luareaso In s;eol.'io inploo
obtaL~nable with ivi iucoriie in ohciwbor proopur* Is almont entirely
exauiod by the infreavals4'i xpatt~ion rutio through thus mossle.

X oarious lItitation is the une of hydrorine an a ooekat fuel
Is its frostiLng point. Vhe uso of addit5.vom ta, li~v the freartag

f n fhydrazine fti'a 000 had bean uWx.or inlretztition bWat
6abox'IL1ories.. An.-oaia, whioh is a good roi I:ot fuel by Itaolf, h"

been used as an additive te lower the froetthS point of )hy4rasiao.
In addition the use of hydrasine as in additive to eamoaia results

AIn a roduatLPA In t9j vapor proseew'e of pure &r"'Voonia. A fuel
mixture oontaiaing GO percent hydrain and 40 peroent ammonaca has
avapor pressure at 000 of 3.7 atmomphere.cmae o#7ame

;hiere& for 100 percent asomia. Theoreta. performnoc values of
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mixtures of hydrasine and amonia with liquid fluorine at. a *om-
bustion chamber pressure of 300 psita and sea level expansion are
given in Fioure &. The 5xlsium specifio impulse inoreaau- linearly
from about Mll-pound-aecands per pound for 100 percent ammonia to
316 pound-seconds per pound for 100 percent hydrazine. Oimilarly,
a linear relationahlp oeists between the chamber temperatures (at
the peak speo ific impulse) whioh vary from about 43000 K for ammonia
to 4 200 K for hydrarine and the exit temperatures which vary from
about, 31000 K for asmnia to 32400 K for hydrazine. These calcula-
tions indioate the slight performanoe differences that exist betwean

* the readily available ammonia and the ruther costly hydrasLne.

Further coasideration has been given to the use of hydrasino
and hydrazine-annonis. wdxtureS with oaygen bifluorid. as the ro•.ket
o.xidant. The advantages of oxyrou bifluoride include its densi.ty
(1.77 8r/)o compared to 1.56 grfoo for fluorine) and its potential
cost as an oxidizer with reapeot to fluorine. The high aobt of
fluorLne is a major deterrant In its projeoted u.s for long-range
imiaalles, and a decided coat advantage at a sl.ight loweriag in
perforaanoo could bu obtained by the use of mzixturen of oxygen and
fluorina either an oxygen b1fluoride or nu physioal mixtures of
the two. A comparison of the maxim= theorotical perrorm•no. of
hydr~ains Vil-h liquid oxyeen bifluorido and vith lignid fluorlue at
300 pLia oharuber preauure and at various exhnust pressures is givon
in Viguru 5 (r¢muploto theoretical perfor•r•on data for hydrazln&
and ox•ren bifluorido published in Per. 3). The maximum speoifio
impulmo for the hydraiuIne-oxygen bifluoride eouhination at 300 pots
chamber pressure and oea-leval exhaust pressure is 2P98 pound-
ue0onds per pound; at an altitude of 70,000 feet, the maximum
apecifit impule4 for the hiydrazine-oxygen bifluoride increased
over P9 poreeny to 185 pound-aeoonds per pound. In general, an
ilnreans In performanae of approximately 6 percent Is obtained with
fluorinle as the oxidant aa compared with oxygen bitluoride.

Tha oharibar teouperauhie for the hydrazino-oxygen bifluorlde
oombiuation Are approxim.toly 8 percent lower than for the hydracine-
fluorine and the exit tompkiratures approximately 19 porcent lover.
The uso of nuruonia as an additive to hydrazine with oxygon bifluor-
Ida no thi oxidant has aluo boen invoatSatodu an•d the Lheoretioal
performtno, valuun for a chamber pressure of $00 ptas and sea-
level oxit prensure are presented in Figuro 6 (Oo'uplete theoretical
values presented in Hefr. 4). The specific impulse and chamber and
exit temporatures are plotted against weight percent hydratine in
the fuel mixture and shay the increases to be linear with the
Ioz oentage of hydrazine in the fuel mixture. The specific impulse,

noreaaea from 2g1 pound-seoonls peo pound for ammonia-oxygcn
bif.oride to 298 pound-reoonds per pound for hydraznte plue oxygen
bifluoride. The ohamber temperature decreases from 39100 1 for
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CONFIDENTIAL
hr•tdas to )790 K for malia and the oxit toRempeture from

r801 top hydra••ne to 27170 K for anonia. Teeese olaAu•ation
eui te spin the elpit. performance differences oetoeen •ydratkno

and smuts as roket fuels

The results of these valoulatio.s Indioated the dLrection of
our ezperimental work involving fluorine ac the oxidlb • and hydra.-
:Ji:ein snLa, sad naztures of the two an tuels. The Initial u•ei
@looted was a 40 porcunt an•icaa ir L. h•|dra mixture in .im trfortto compromise the petrfianos sand physiLeal properties of thdhydrasaisn and, somonia The froesing point of the fuel Mixture
wiowaso Vaenalysed to be 31 Roroont &oiwi&, 59 percent hydalidne,mand percent water, was -34 ~ . The Maximum theoretical rpertoihnos
of the propellant oombinat to 3 p -seconds per pound. The
ezpozlmental Investigation Was carrie dout In 100 pound thrust
rooet' enalie sad the results published in Reo. 5. A 4digraftatit.
sketch of the 100-pound thrust unit used Is shown, in Figure 7.

Helium cooled in a liquid nitrogen bath was used to rores the
prop0llant. into the combustion hamber. The fuel mixture vas
Prepared b i7 trodaoing VOlgohd saOuaatl first of commercial
hydra n.e and then of amonia into a mixing tank. Fluorine vas
condensed from the suppi olylinder anto the oxidAnt tank which was
instainod in a liquid a troten bath. A photoggsph of the thrust
ste•d with A rooket Mounted ishown in Figure . The rocket
engines were designd to deliver 100 ponnds thru.st at 300 psia
oh.mbOr pressure. A dimensional sketch and photograph of an annular
water cooled eangie are hown in igure 9 The ex plintal
speoifto i' puliso is shown by FiLgur 10 fop A prFo0g 1At mixt 0

r 6g of 10-to veeght peroent ftell the theoretical (ideal)
ourve based an equiltbrium eompoeLtLon oxpansion is also shown for
comparlson, several ditferent t as of injectors vere Investigated
and the ourvee are drawn throua the experimental points obtained
with a 50 L* enrine using a I to 1 impinglg jet injector vWth a
turbulence *oil, a 1-1 Impinging jet iJeotor, and a ehoverhead
typo injector.

The mimum peforawsos values in the region from 1? to )5
wetiht peo oent fuel wore obtataed with th• 1-1 lmpnining jet
iajector with the turbli~efoo ooil. and followed the toioretical

I out"e within 80 to 90 Loeoroet, The peak exqeilmsntal value witht.h1 1-1 caol Injector of 26S pound-selOads per pound was 0bt&in@4-
"at 33 ,evsLht Pertsont fuel ompared v wth the theoretio.1 Maximum
Of 313 VouAd-seoonts per pound, at 215 Iperent ftel. The estolchio-
metr1k ratio VwA 16.8 peroent, apacifco impulse values obtansd
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COH•FIDENTIAL
] vwith the 50 Lf engine and 1-1 impnginsg Jet inastor were lower in 44the region of 1? o 35 percent fuell hovevera the region greater .thaU 35 percent fuel, the experimenual performance with the use ofthe 1-I impinging jet injector wiLhout the turbulence Cool w&sslightly higher than with the coil. The anximuit experimental value

of 2T7 pUc -seconds per pound at 37.peroent fuel was obtainedwith the 1-1 impinging jet Injetop.. ,

84noe the fuel can be considered An a coolant, the greaterperformanoe obtained in the fuel rich region to desirable. Theii use of a more efficiently deeied turbulence soil with the 1-i
Injector would probably have gve even~ higher perforaanoe,4A&Nauu~hSa. t weight percent fuels g:eater.than 35 percent, the angle ofthe renultant propellant stream was sufficient1ly lire. to miss theturbulence coil. Specifio impulse values obtuiued with the shower-head injector were oonsiderably lovar throughout the complete rueloxidant range. The theoretigal curve corrected for non-parallel.flov from the exhaust notple and for the composition of tho fuel(4 peroent vator) in lovered approximately 4 percent, while theezporimental curve corrected for h&at rejection and for deviations
from the reference oombustion chamber pressure of 300 pasi is
increased about 3 percent,.

The oorreotud values show a maximum theoretical upoecficimpulso of 301 pound-useoonds por pound and a corrooted experimental
peak porformanoo of about ;4 pound-eoonds per pound# 94 poroentof the theoretioal value. Values of characteristic velocity and
•*hab rojootion plotted againat woiitht pur6eat fuel are shown inFigure 11. Maximum values of C* were obtained with the impingingjot turbulenoc coil injector. The peak value of 6820 feet persecond van obtained at 3 p'orcent fuel which compares favorably
with the theoretical maximum of 7080 feet per second at 31 weightPorcent fuel. In the region from 22 to 40 percent fuel exp--i-mentAl values from 90 to 96 percent of tho ideal theore ioavalues
were obtained. Heat rejection values of 2.5 to 3.5 Btu per osoondper aquare Inch were obtained with the 50 L* engine in which theimpinging Jet turbtuenoe coil injector van used.

The results, in general have indicated that the attainmentof maximum performance vith fiquid fluorine and a 60-40 hydrazine/ammonia mixture requires a critical study of injector design In
spite of its very high reactivity. Several runs were made withhtdrauine as the fuel using a 4 oxidant on 1 fuel impinging Set
injector, all resulting in extremely low performance. In additiona considerable number of runs nade with pure ammonia as the fuelindicated the same trend as with hydrazin. and the hydrazine-amionia•",'•• • mxture• he injector design being the critical factor In obtaining
high perf'naanoe. The experimental performance obtained witih
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C ( ammonis plus fluorine is shown In Figuare 12. Various Injectors
were Investigated v.th a 100-pound thrust engine at a combuetiln
ohadtvr prensor of 300 psia. Naximum performanoe yas obtained
vith a triplet type Injector, tvo oxidant streams hitting one fuol
stream. The axizmum, specific Impulse obtained was 270PO om- _
seoonds per pound, approximatel7 87 percent of the idesl the'e0ttSal
Talus. Gorreoting the *xperi*entbl v&lues foV the heat 1ejeebio '
Inoreased the peak performanoe to 97T4 p)und-seooads pa' pounds S.
peroent of the theoretical value tar' the actual nonsle used.

Since the problems assootated with the attainment of highI ~~perform•tance appear to be similar for hydra in*~, a Monix and sixtueso "
of the two with liquid fluorine, the NACA is oontinuing its studies
of high energy propellants with the nazonia-fluorine propellant
oombination. The amall saoriftik in poefo:agmnoe in using ammonia
rathor than hydrazine Appears to be warranted because or the high
oost and physical properties of the hydrazine.

Tho oonsidoration of hydrazino vith ohlorine trifluoride asa high perf~ormao stoaraeablo propellant com~bination Involved its
expera.montal evaluation in a 100-pound thruut engine at a oh•emboa
pronsuro of 300 paid. The exporisental. *pooiflo impulse plotted
agaiunt weight peoment fuel for the hydranine-ohlorine tri•'luoride
comblination is shown In Pilgure i•. (Oomplete elpor izntal results
lpublished in Rof. 6.) The ideal theoretical curve, thuoortical
ourvo oorrootod for the fuel and nozzle used and the expertiental
ourve oorrootod for beat rojeotion are included for comparnion.Tho pnck fixporlwonual value obtaited, Vith. a double iWpingins jet
iujeotow, yva 234 pound-sooonda per pound at 33 w6A4ht peroent,.
.u.l j 013 po•,oent of the ideal thooreticul mninium of -264 pound-veoonds par pound. Corroot~ng the ex•pori~natal performance f.or"tho hant rejeotion inroeased the peak value to 248 pound-esconds

F ptor pound, approximatoly 98 poroeut of the theoretical value for
the fuel and nozzle used. xpcriwmntal values of ohAraoteigatio
velooity' and hoat rejection are pro.ontod in Fi~uro 14. The
maximum 0 value obtained was 5590 feet per second and the heat
rojeotion varied from 0.8 to 1.5 Btu/u,oond per square inoh. The
reeults of this investigation indloated the ease of ignition and
high perfor'anoe available. The peculiar ahapo of the ourves
indioating a sharp risA in porform•neo, and in heat vo Jotion at
S approx~taely 29 peroent fuel Is allrbuted to the injecotion
system used.

The third phase of the RAOA work with hydrasine systems in-
Jvolved the stud7, to a 1JLmted extent, o f thol r ignition delay

with soevera oxIseres and their aploation an t ransition fuels
"for the vhite fuming nltrio acid-gasoline propellant oombinatioa,
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Resultsof Lai ia7l delay Gs1114 14VOLVO hydzGASOi tl systems
haTObeatVb l a~ I 0ets. 7 SAWad Lea 60167 msle"Uaigms

omany r sa imts wova e " mens at waiiee* tomSiatueleUC
peossuars using & omit seals Pnsht engines of apWSl 4

Ponsthrust. so lsemol GWal usede forte
Uudelay studies to ohms ___1 tLeallr La PiUW 1%.

usltue, isseribud ia detail t'lra onal~ts Or a tvimes-

amA a hL spedvern to e~serd the soit tr .sombusto

A summmy of Igition dWay data obtained with the smell
@scl vooket @51* 5p5at pbullUIegyhyd"25iM hydriateG Wh.eINLO
with white Mngt altyr 0 acid find "supa wit Shdrge peroxide
are presented In Table 26

hMAM MOAhIM" AM Wh~im DAN W MaL Fourteen
runwee4asuasWWvRl"i-K-isiw oiN m fLUWue. 7'ale WSe
I*"%i pressure. Aplot at I ttm delas? ageaist tempeature to
11111Mws a~r 1, Ths dot lasws vAcloee all the Fall thW
:ijtl t 61.4 d anged free 61 ae ofsroxittlomistl ULl
sceenits at 2.1 IP to approuimatelyi SM180 o s a 0P

Rwdaieamto SO MM 33L111mhA lelve rug Veo as
with on evm L m N W o dolay at all
esavMab39 rue was 5.5 t 1. l logou1i49 Iheso me weON
coo'W11atd at teepeztupe trows 914 togUY Lhaitifl isat

&lrstram 760 toso0111mou~stsOr MS tW ,ne Plop the rues at
Initial, etealt Pressures the Averap del[ys wero ls,[I

Jaeger than top these at sos-lewel PvMsee Alps reiM S
MaM starts as indleated audibly a bi 62he high speed Plt4tvs

The rue that was terminated by && ozplos on had a delay of , r

my olaelTe O9e6ad im

Wes Sontised to the shattering of the plastic awb5tift lfibet.
he widely variant ialtiem dlay. Psapt from 941 to )3.$ Multi-

"Iseocads end oooid anto% bsuelau osu &esoesfoll with either
tempezature. Initial Maie tzee or fuel "~dat rat is. The
temperature meawe trom 1,1 *W the LAit blashet pressure
free 760 to 50 =I.

Thp results of the ipities Ala studios made Ia the 50-P'*uM
U ~~~ thrust engine Indloato the s"table StautIsa *aistslistiLe of

the hidresine-whIto fusing xltuic as d ecml~stiol 6t t5o~rature
ftr 60? ad the hydsrsahyimt 'hto fMoiag aitmie soel cominbu-
tLinn at temperatures dewn to -107'?.
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The use of small quanUtitie of fluids that Ignite spontaneously
with white fuming nttric acid vas investigated as ihniter fluids
for the Acid-gauolin(. reaotion. The preliminary'investigation
which Inoluded hydrazine hydrate as one of the igniter fulds van
carried out In a 2.00-poutd thrust rocket engine and the results
published in Reference 9. With respect to Ignition of propellants

the uait, it was found that Ignition 0ould be obtained at -8 5o0
with fuel blends of aromatic amines and triethylamine utilizing
rod fuming nitric acid as the oxidont. Satisfactory ignitiom was
adjudgod by sound and a oontinuously rising chamber pressure traoe
oonsisto•it with valve 6pening time. A suwnary of the ignition and
transition results is presented in Table I1.

At temperature of 400P, transotion to gasoltAne was obtaLned
with hydrazine hydra•,e and mixtures of arouatio amines with white
fuming nitric acid as the oxidant. For the name 6hruot o7linder
ds.ign as van used in this investigation the Aerojet ftgineering
Corporation has designed a propellant vaigo which given transition
from hydraziqe hydrate to gasoline at -40 F wILh white fuming
nitric aold (Hof. 10). The flow oharacterintion of their main
prqpelliuht valve are suoh that ai small amoint of gasoline onters
thqe chamber along with hydr4gine hydrate during the ignition phase.
With the prmasert ongine configuration, thin saordition was simuuated
by suspendins peot-cent sasolin± in the hydraz.ne hydrate vhich
resulted in catisfactory tranition at -4O00. when 10 percent
Sasolio was diasolvod In tte trioethylamine-orthoto)uidins blend,
a similar transition at -40P could not be obtained.

Thus It aptpears that in an engine of low characteristic
length, i; Ns neneesa-y to intrnduce the ganoline while a sub-
otantial portion of the igniter fluid is still entering the chamber
And reacting.

The thoorotioal specific impulse for hydraziine with fluorine
at 300 ps•a and sea-level exit pressuro Is 3l6 pound-seoonds per
pound hihch is tho maxmiuW for chemical propellants excepting the
hydrogon-fluorine, lithiwu-fluorine, and hydrogen-orono propellant
oombinationm. The high perforwanoe and density of hydrasine are
its main advantage, but the cout and freezing point vould appear
to make its use rol- long-rualev taiesiles problematical. It appears
teo be more advantageous to use ammonia or, possibly, ammonia-
hydrazine blonds as the fuel, The peak performance of the aMonl-
fluorine combination is 311 pound-seconds per pound, slightly loverm
than hydrazine with fluorine, but the ammonia Is cheap and videly

; 'V used in industry.

' (
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,Hydrazine alone does not appear to havG on advantage over

ammonia or a mixture of the two with fluorine with respect to the
pr'oblems of attaining ponk c..perlmmntal porformnnoe. Tho injqector
design problem has bAen found to be similar for the three fuels.
W.th a li•ited number of injector* t•ied, experimental dpeoolf±O
impulse valuas of about 90 percent of the theoraticol have heen
obtalned for a hydrazine-aammnla mixture and ammonI4 with fluorine
in 100 pound thruqt rocket engineR. Initial results with hydrazine
and fluorine ti've given extremely low values and.further injeotor
-design studies would be required should work on this ciombinati.on
be continued.

Hydraziue and hydrazine hydrate do appear to be promising as
igniter fluids with aoid at moderate tetaperatrree. Temperaturelimits restriot the use of hydrazIrle however, hydrazino hydratu
hao ignited satisfactorily at -4o00. Hydrazine hydrate has been
used suenessfully an a t.rnniticn fuel, at --4 0F, for the gas,)liue-
white fuming nitrio aci•d propellant combination; at muoh love,'!
temperatures, however, other fuels are roquirnd.

"C @. C

The theoretical performanoe of hydrazine and h7dr'auins-
&mmoulca mixturos with fluorine and oxygon bifluoride at variousS~ohamtber presouras and altitudes was daot~rmined, l.xrarimaptal
ro-ults of the hydrnazie-chlor~ne trifluorido, hydraziiw/ammnia
Smlxt-A - l'luorino and e-monia-'luo±olau propellant combinatiors
obtained in 100-pound thrust rocket unginea are described and
discoused., Ignitioft delay utudioe involving hydra-ino and
hydrda.tn1-wat.r m.xtu'ed VItV white fuming nitrio acid and hydrogmn
peroxide and nomo roeults using the hydrazime Puol syotem as
tran|lition fuels for the gasolixs-whlta fv•1,ng nitrio acid oombLna-

* .,* *,
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"General Method and Thormodynaulo TIables te' o, pttin
FIjullibrium Ccompooltion and Temperatur'e of Obauei.a1 Reactions,

Several Rocket Propellent Syt="N 3AR 50L3O.

.3. uffVeari N., and Gordon Samford, "Theoretical Peztozuanas

of* ltLiquid A=;nimoid Hidrazine and MIixture or Liquid Ammonia
and Hydrazine 4s Puss with liquid Oxygen Bifluoride so

Oxidant for Rocket Ungine. 1 - Sixtur~le, of G Riui Am Goni
September 8,' NAA M .lll 15

4. uf Vaul X., an o rdonb', Sdanfrd, "Th owet ic llirfrance.
ofvecitui Ammon ia XHqudrazuoins and Mixture ofeAiqmid mmnia

54 O" nPaul M.H ohnerEwr ., and Ho# illiam Hi.,B~z±mna

6. Chlorine Trifluoride - Hydrazine Pr'opellant Combination, In
100-Pound Thrust Rocket &igine, " XA0A RM HYFOl.

ion-oup Apparat~us of Severel Fuelo w14l litrio Acid Oxidants
Deebr20, 19.51.

8.Ladahiyi, Dearo J., "Ignition Delay Experiments with Small1-
Scoale Roaket.IEngine, at Simul~ated Altitude Conditions Using

Various Fuels with Nitric Acoid Oxidants," nRAGA RM 101,71.

9. Hennings, Olen and Morrell, Gerald, "Preliminikry Invoestigation
or a Chemical Starting Technique ror Acid-Oaiol mu Rocket
Pr'opellant Systemn," NACA RH 352Kc2l.

10. Amon., "Design, Construction and Testing of Model IX1H20-AJ-2and Model. XLR2~4-AJ-2 Engines," Rep, No. 531 (Supplement)f
Nezo It Snginoaring Corp., January 16 19,r,2. ContraotN~a(j~l-26-0, Our. Aero., Navy Dept.).
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DISCUSSION ON PAPERS BY
ZRE5T D. CAMBELL AND PAML Me ORDIN

THE CHAIIRVANs The speakers have gooperated beautifully this
morning and ve have some time Tor disousuion if anyono has any
matters to bring up. -'

DR. LEWIS: Mr. Ordin, in your first elidu you shored the
• ohanp of impulse with Inoreasing altitude. Were these oaloulatiolwn
made on the basis of the ambient pissaure or was the pressure the
same regazrdlesa of the altitude? If the latter, what preesure?

MR. ORDIN: The Preseures were all at 300 pounds per aqua"
inch. ,

DR. LEWI13 In the ahamber?

)R. ORDTIH Yes

DR. LVISt Tho pressure dropped?

XR. QRDINi It wan a matter of expansion ratio beoause the
exit pressure dropped.

DR. ?ILLERs I would lilke to auk Mr. Campbo.!1, in his reaotionbetween the hydrazine and the aumonium thiooyanrto, It oquilibrium
pressure measuremente havo been made.

DER. CAMPBEI. 'I. believe that measurements are un~der way at

this time to measure the prosoure.
"DR. MILLER: yov high Is it?

MR. CAMPBELLs Orudmly speaking at 6500, I thinlk probably in
the naturo of about 3 atmospheres.

KR, WILONt A question of Mr. Campbell. Were thu teezing
points taken of the thiooyatno dold in it or the equilibrium

ammonium solution?
MI. CAMPB8=Lt Ia the prepa.ration ot solutions there is some

ammonia lose during the preparation if it is in an open system.

MR. WILSONt What peroent?

433
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MR. CAMPBELL: There is a distinct lose, probably in the )

nature of about 10 peroenit of tUse avalluble ammonia if It In in an
open system.

1511. R1. A. 12cALLISTER (Georgia Instituite of ftohnalogy}IZI
would like to ask Mer.' Ordin to describe' the turbulenoe o11i and.
to name its material of cons truotion. ,

MR. ORDINt The rooket engines used for the fluorlne work
yere made of nickel1, brass, and copper. We have a number of rooket
olnion made of these mte &is and they all work quite well. The
aonees used have. boon water Pooled.. The turbulonoe coils consistedof a•ppor olils and vere so designed to permit the resultant of the

fuel and oxllant atream to impinge on the coil when operating the
engine through a wide fuel oxidant ratio. The fuel ratls oould
be varied by changing the pressursm'on the propellant tanks. The
obange in fuel oxidant ratio would, however, change the angle of
the ro.%ultant stream an f'or several of. the runs the angle was
sufficiently great to mirs the noll. Tho turbulenoe co.l was
ooeentially a single coil placed In front of whore it was felt the
resultant streams would be for tost or the run• . The turbulence
coil van water cooled. '

MR1. BflADFO"D DARLING (Massachusett Inrntitute of Technology):
I would like to auk Mr. Camtpbell to describe the toohnique 'of the
ignition delay measurement,

MR. CAMPBF1i,• We have a metel ohamber which on be placed In
a thermontated box to attain any domirod temperature. Near the
bottom of the chamber Is a small conoave cup. The propellants are
injootod to Impinge on or near the surface of the, oup. We always
lead with a amall amount of oxidizer first. This triggers a sreep
oixoutt ont an onoillooopo; a photo cell senses the appearance of
flwame and stops the timing mesauretiont.

MR. DARLINOt What. in the magnitude of the lead?

MR. 0AMPBELL: In the neighborhood of about 1 millisecond.

THE CHAIHMAN: 'Lhat Poems to be all the questions. What was
interesting to me van the fact that the first speaker mentionod
the efforts of a manufacturer to bring down the cost and almost
every subsequent speaker mentioned that one of the oonslderations
vee the cout of the material we are dealing with. I think you
are all to be oongatulated on being so coat conscious.
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NOL PROGRAM FOR THR INVESTIGATION OP THE
HYDRAZINE MONOPROPELLANT 3Y8TFA FOR GTUN APPLICATION

by

Louis Lo~iego
U. 5. Naval Or4wanoe Laboratory

The Buroau of Ordnance assigned NOL a general task fop the
Investigation of the hydrazine-hydrazine nitrate-water mosnopro-
pellant system. In the discussion that follova the tri-
component mixtures used in this system vill be referred to simply
as hydrazine mixtures. The purpose of this dX.sousion is to , p:
outline what has boon done at the Laboratory an4 briefly desoribe
the program nov being conducted.

'1 Three reports to date have been published in conneotion with
the Laboratory studius or the hydrazine mixtures. NAVORD 2'5dated February 1952 covers the investigationo of the physioal
aud chemical properties. Dunaitiee, refractLive indicen freesing
poilta, senu.tivities impetus values, and vapor prensureo of
vavious hydrazino mixtures are reportoO, NAVORD 2563 dated
August 1952 covers detonability, stability; and compatibility
studies. Another paper preaents details of the dotonabilit 1studies. Stability and compatibility studies will be briefT
presentod later in this dlicusuion. NAVORD 2715, nov being
proscucid, describes analytical procedures developed at NOL and
prosents additional compatibility data. The paper describing

,. aalytical procedures has been cade available to members of this
Sympoeium.

At present the program inolu•as five tasks.

I Ti~e)• -- gurnn: Rate atuio ts at __ up to !00,000 Dsi
Inltial determinations o? tOW-h 1ar burn ng ra #e of various
hydrazino mixtures are being made in equipmont that vill permit
studies up to 30,000 psi. A disgram of the equipment in shovw in
Figure 1. The nystem is fi.lled with nitrogen from a standard
cylinder through valves A and B. The oil rseurvoir is at etmos-
pheric pressure. Valve A is closed and pumping Is started. ThisSpumps oil into the compression oylinde", terseby coopressing the
nitrogen. When the compression cylinder '. nearly filled with oil,
valve B is closed and the oil returned to the reservoir through
valve 0 using tank pressure. The cycle is repeated until the.

, desired pressure is reaohed. Figure 2 in a photograph of the burning
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"CON.FEDEN TITAL
rate tube assembly attached to the bomb cap. The column of
liquid in the vycor tube is ignited by a hot coil and the rate
is dotermined by & series of burn-out viros.

The Bureau of Ordnance -requested the Laberatery to InvestIgte
the combustion or the hydrasine mixtures in a" closed system up
to 80,000 psi. Dr.. Noousu of the Laboratory his ajeomb1. a. high-
pressure system (Figure 3) that wil perm'It burning rate studies
up to 400,000 psi. ,Nitrogon sas is Ted into the yata•* from a
group of eiries-oonaacted go$ cylinders. The first stage con-
Wizts of a do.ble-gotinS liquid pump with two lov-pressure
0acouliulntorgs (C1 and 0j), Oil ti supplied to the tump ab 1000

psi by a pump butween The fires• tage and the oil reservoir.
140veoment of the piston pulls gas iato one accumulator vhile
compressing-the sau into the other accumulator. The oheok valves
prevent the gas pressure from backing into the-supply tanks.

The second stag*e automatioally takes over uhen the .erat
stage roaches a pi'cusuro of approximately 15,000 pui. The pump
forces oil into asoowoulators D and 9 vhwre a s7otae of uheok
valves permita the hlgh-pvroasul g&az io be fed Into the bomb
and Prevonte any ;aa f•Cw i.nto the frut atgse. The snquetce

4v1a0 Is presuure-opmratoed and switches from Stage 2 to itage 1
whoht the pressure betWeon 3t06es drops to a pro-set value.
Figure 4 is a photograph of the higjh- •rsauro assembly. The
aseuembly is operated by remote control behind the barricade
shown.

I •.•L2t--Jj&s ,.S1,"i... A closedt bomb as shown in
Figurda iic sdi Maoss sudies. The bomb has a dispbragi.
that vill sher whom pressures eiu ud 4,000 psi. it is felt that
sustained burning o2 4he liquid mix-Lure will occur if pressures
(,f •t'l o,'g, ,A o ob.:inod ti !,Jit bomb. It is planned to vary the
,,a,,i ng r•ozioity of the bumzb. A otudy of the P-T curves that vwil
be recorded during ignition and combustion may provide a baois
of comparInon of the various ignition systems -that will be In-
vestibuled. Uxporimontal pyrotechnic mi.nturee that have toonprepared at the Laboratory in connection with solid propellant

Ignition studios vill be Investigated, along with other conven-
tional ignition systems.

Te- -Oalt o-tpII Studios-. Stability
and clp'bi"Fisye-m"tan oan• uae- at-mbiont tempers-
turo In the closed mystem showa lin Pigure 6. Various materi•ls
were placud in cont.not with representative hydrasine mixtures aM
ohangea in pressure :n the system noted.• Control solutions

,,. p'rovidod a reference indicator. The stability of the control
.., .,, solutions was oonsidored satisfactoryl however, there was an

initial roeotion that ceased once the oxygen in the closed systen
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CONFIFDE~NTIAL~I was consumed. Teflon, nylon, polystyrene, polyethylene, tantalum*
and titanium were found compatible with the hydrazine mixtures.
Contradictory rceults were obtained vith -ý3 alumiinum.

Compatibility studies at 1600?~ have been plann~ed. The-
solution and smatorial to -be tested v.411 be~pisood In a closed tuabe
with a horjlsontaul olosed-end calibratud manometer. The tube VglI

be planed in a buith And pressure changes in the closed system
will be noted,. n fterqi~mm~

speoi7re y- W1lure&au n? M Reneeo for the hydrz~aine mixtures is
a minltuum impotus or J450,000 ft IbAb, A closed boimb, Piguro TP
has bonn used to daterad~ine the imputus of variouis hydrazine
bolutionti Tho paruk pressure doveloped In the -bomb, m~iltiplied
by the voluae,providou a PV value that i a meacure of the

Impoua,- Smu r -tuuemeaureentsarer~prt inWJORD 2255.

loau or prebuuro duea to acoling. All compouitions that have an
imnotuo in the o der' of 350,000 ft ibAb will be oheokod by NHT
calculations.

tho solid propellantsa now being uoed in guns and roocktt miotors.
Tho teout proniedure uund for determining the detoliability of the
hy~i'nzine oV the hydrazina ats dvaoi'ibvnl In Mr?. flwiggina' Ipyneo
will bes wodifiod to inolutir plastic dluca b~veon the tetryl
pm1lvt and the hydr~zino, uolution. The number or dives required
to pr~vout the detoii~tion of' hydraiiine aol'ation by the tetryl
vill be used au a ba~sis for comparing the uonrsitivity or the
hydrazine miixtur'es with cthor solid pr'opellants.
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CATALYSTS FOR THE THERMAL DECOMPOSITION OF HYDRAZINR

WHEN USFD A3 A MONOPROPEILANT OR AS A GAS GENERANT

by

Arthur F. Grant, Jr.
Jet Propulsion Laboratory, California Institute of Toeotnolozy

I.Abstr at

The use of hydraz.tne 'is a meinoprope.1ant or as a gas generant
involves its adiabatic thermal decomposition. In order to obtain
the complete decompositin of hydrazine in reaction chambers of
roasonable size and weight, it is necessary to use catalysts which
increase the rate of decomposition of the hydrazino. For this
purpose, & catalyst oon-±iting of metallic iron, nickel, and
ooibalt doposited or poraus aluminam oxide pellets was developed
and testodf. With this catalyst, optimum performance of hydrazines
as a monopropellant ULS aohi.uvad with a reaotion tims of leas
than 3 millicoc. The deoomposition g&ses produned with thIs '1
catalyst and rnaotion 'tine contained about 30 mol per cent arworia&
and hind an avorago molecular weight of about 1i lb/tol. The
temperature of the gases leaving the oatalyst bed van about 18500o.

In the use of hydrazine as a gas generant It is desirable to
decreame the molecular weight and temperature of the decomposLtion
gacen through the comploto dissooiation of the ammonia which is
formed through the Initial thermal docompo-itioa of hydrazine.
Por this purpose an anwionia deoomposition catalyst consistinl of
iW'eo ,K. o, andA'o. A a developed for use in. series with the

,-alyst'•deonni.bod ia the paragraph above. With thjis oumbiriation
of catalysts usIng a total reaction tine of about 21 milliseo it
was found posoible to generate gases at about l450oF which con-
tined approxIumaoly IL m olper cent ammonia and had an average.
moleoou..ar weight of 12 lb/mol.

Beeiuse of the high freezing point (34o0) of pure hydranins,
i±ta use as a gas enoerant and monopropell,.tt in greatly limited;
however, it has been fotuid possible through the addition of hTdra-
rine nitrate and wator to hydrazine to produce mixtures which
freeze below - 4 0OF and which may be used as efficient monopropell-
ants and gas gonerants. These mixtures have been successfully
tested with the catalysts described.

'M.in "apsr represents the results of one phase of research carried
out at the Jet Propulsi.on Laboratory, California Institute of"Technology, under Contract No. DA-04-495-'Ord 18, sponsored by theDepartment of the Army, Ordnance Corps.
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Since early 1948, the Jet Propulsion Laboratory tas boon
enhaged in the development of hdraseine as a monopropellant ada
an a iaa generant for use in-the pressuriaatlon of the -ropellant
tankcs of rocket vehicles. 'Thin paper* is a' summoary attf
oatalost-development vork which was carried out In oowieotio "
vith this progroz.
Theruoah eel ot rir •' .

The thermal decomposition of hydzaxsne apparently prooeodsI n s topvise manner. which may be •rpre~ented by two conseooutivo
reactions, a f ollows

RgH U2 L) - 41M3 (S) + N2 (9) +~ 80.25 )coal ()

4M1 ~1(g) *2S 2 (S) % 6n(9) - 44,00 koal (
"When the deoompoaition of h•drzlne in oarried oUt ad.a-

batio,.1,y at moderate proeaures (leos than 1000 pcais, she.mial
equilibrium favors the oompletion,of both reaotions. }'ovever,
reaotion (Z) in generally muoh slower than reaction (1); thus im
prawotioal systems In whioh the residence time ts limited by
oonaiderationa of weight and apaoe, the amonIA 01nnot be 00o-,
plotely disebolated. Therefore re ations (1) and Ti) h,+vo been
oombijaed to 8ive the following expression*, in vwoh X represents
the frsotion of the Anmonia which is disso*iated.

N 4 U )(I - X)Nex3 .,. (1 + 2X)X + 6Xa + (80.15 -- ,.ooX) kose (3)

Uslng this equation the Influenoce of X on the pertormance -o
hydrazino as a monopropellont and a gas genurant was oaloulated
(Of. fi. 1). From gFre I I'mt oan be soon that the oharaoteristio
velocity o a*nd apeiri.o itpuise r•.are vituall couatant untilabout 50 percent ofr the s~mionia haK~ven dimooeiated. BeyouLd.
this point both parameters fall quite rapidly as X Inoreasees.
Both the adiabatic reaction toemperatures T And the avere
molecular veight of the decoomposition Sases M. deoweas steadilyasl Xl i•ncreases. 

,

o Perolrmanue or Hdratln

The efficient use of hydranin: insany applioation requires
the oampletion of reaction (1), iheroas the extent of the completion
of isaction (2), i.e., the value of I in squation (), vhiob is

.T, noena-o-l -ure user in this paper Is listed In Table 1.
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I ~ ~ ~ ~ ~ ~ TBE I.~ Umeii lpls~e.

L u*obaracteristio vlengty Cftm) c

IV.

Mg a averate molenular wal ht of decompo'sitiof pase. leaving
reat o oaiter(lbX040)

Rt a perfvot.gas aonsat&nt (pai)(oo)/fmol)(PR) 01I~

To a adibatic- zi'otlontepru?,( ).

Va a volutae or i-ecti.on n*.mber or~ catalyst 'oed (06)

x f raction O-PAw.oni& divenci±Med

r esido&ico tim3o in reaotion obamberz. or oatalyti bed (seo)

*hydrz~aine LitJO±r ~o(baG
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required for the optimum performance of hydraa..ne in a given
appliation, is dependent on the nature oe the application.
When hydrazine is. used as a monopropellant in a roomert ottir, it
is desirable to operate at as low a chamber temperature am
ponoible nnd at the same time to obtain noar maximum I.. For
this type of applIcation, thererore, It in desirable tadissoolate
from 30 to 50 percent of the ammonia. 'When hydrazine in to be
:used as a soumro or energy for Sa turbines, it is nimoeggarm.,
for 0eohanioal reasons, to reduoe the temperature of the gases to
1800"F or' leos. 6For 5uch applioatione, thorofore, It ii necessary
to diuoaciate at least 52 percent of the ammonta. ?or high-
tem~perature, isobarlo,*pressure-dimplaoesent systems, eg
cata~pulo.n, optimum performanoe I. achieved whcn M /A is a a
minimum. For pure h drazine this optimum perfoAnnoo is &chieved
when about 43 perenst of the ammonia Is dissociated. In lov-
temperature, iuobario, pressure-displacement systems (1.o0
systemu La which 'the gnu temperature must be leas than 1100bP a ,

for oyAtuple, in propellant tan pi-essuriaing oyott~ms In rookaets," * the maximum efriolenoy of hydraziiv as a gas generant is aohieved
when all tho amonl.a has been dissociated so that gases oa mWinim
motlecular weight are produoed.

The nxtent to which reactions (1) and (P) can be completed

in a given reaction 4homber iu dependent on. the rates of the

reaotlons and the residence time O-St provided by the reaction
chamber where 0 way be defined* as followstQ = (pe/0))(MgATO) Vo (4)

In a Dprsoifio appliontlio ps and uW are fixed 1by factors
related to the portioul,%r appl.ication, vherees the value of the

II ratio 'M A, required for optimu pelrforimanoe in determined by the
use whV 1 is to be m.sde of the decomposition ka.js-. As a result,
the residoteo, time can be varied only by varying the volume of
the reaction chaeuber.

In most practical systems, the volumoe of the reaotion ohamber
.nmet be limited in order to oonserve veight and spaoe. T'herefore

*1 *Equation (4) is based mn oonditions at tnh outlet, of the oattalymt
bed and on the total volumo of the reaction ohamber or catalyst
bed. HovAver, there are wide variations in T , X , and to a

M., lesser extent in po throughout the reaction falmbfr, when a c•talyst
i y is used, the true gas volume is the volume of the ohambn' less

the volume 90oupied b? the oatalyst particles. As a result,
Equation (4) gives only ra approximation of the true resideno. time.
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the pbti•al &tstMuon of' ths efflelent use of hIydnslno I
ja aemeasit or as a m01OM•..pO.e1t nquIres that Osoti.

and(I)prsoged quite MIn a im

Vhea the aldabatie dOo iptBis oA Or ging Als *.orrA.
out in teo aboon0e of ftelIeIs1e eIOB4SLO ) MA (2} vroosoults•J &Ldj a" a 011a residence tJie rOt 5 1= t oo

am Mroq~id In Ordrlo o P lO4Vo@ U 29o604o0 ot 6o0 hi2.¶s eA

free o dsteotb1 trti thpa tl of h.aees 1 9. Order
tobrn M00L"(fro:uPoess osi. Vii-tua, SIURROt tiNS,

which Is a roeolt as orsome-POns to as lo of •iout 0O inches#
Elhiquoel ae1 1•FII of •tne _doeeqelpsop s•ooes d @bow thot •otlolAwa) i Zoo••0 sooll eqi~etso Zleealmgel th weide40rmn
time resulted In ou17 4 0116M IUimea$* 11 the emiAt Of ammMa"
whiho vwe disoeoiato 1901 l INte faots It •sa be eOOM that the
efficient urse of hydnaule as & Oarocia ozAs & P
oe"ersn Iniseaotlehmewe modete *TS ese re -1 u the 0
of satalysts whlsh gum"aras1 ra%98 of ieatlse" 1I and
Optali5at Devem•mut

Previous stioes (O, Retf I) ladLo4ato4 tit the thh•msl
desoon toes0 o or hgftsMsne 19 h6o~o s to•o•"notion Wh•hs
BPr~oatlpuoeoos el o the ma s we s te vapop puhe. ohe
r'as 0at me d~oesnioaei n~etles, was roeud to be atykedl ,
Inoeoeed bI a zeac ,ae,1 oa Iu&te Z extent ofr the
lieasoss In the"ra orfan the OIN prOse i,,5t, e a given su1rase

ig disetl proportioenl to- Its amea Is entaot with the hydn-
sloe Am& the oat•rlam wvoa weor tested, It was found that
Iraq, aloft& and cobelt gavcte goMown specific surface

a .- o•tiv es.

Basn" an these studies It was someluded that is order to
be *Mfotive a catalyst ;;adi hae to met the toliowl"ariteuteat

1 B ae" a hAumlt-suafaoe sot~vity.
2. Uhose a aIM surface peru •it wviue In order to

panit the ovwelop.en t af laws. murfse Is a OesetieO ohufoV
or Moderate mlse.

, - 3. RAVe a hi& thora oomotivlftt so that the rat of the
. •,,vapowsatle proes could be Inereased r the taasfe, Or heat
thiou~b the 041d ea1sou twq the b$A.Coegpaturs reooms to

, the iov-teeiptvo Lh low-toe ef Oi yeselit b*e adt then"o
"to the LB63.I8ll

,v .,. Il, v a sutltoeutl• a W•hIgohntl p t to p"event fusion
at ell teapeiatuies ens9OVStewed In the elabatlo decomposition of
hydrasaoe.
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~~5 Hedt'n and packiolng di high mne'mhanical ntrr.-ngth to prevent
powdrln andpacing urig use.

nine ordert coaltin ither l~ast~ four cinteariaitwa nee ssiatrny
to utea porousire pellets fa hefad tr meen eriad. ano the ctalst~r f

geornoh bruiia o tLtuno yln Fotgurf alm. u Oxid~es
catimalytof this goerL- tp0ee etd Of 6ic eslcthed. ei orerentoe
nthe wisth atiufentoratalaqeos souton * teof thn itrateslof Iron,
oit'mino eaicionickel, and cobal; ~te epr.~yo in varou molmbin-ato

su~ppor't, the reduced caLa~yst ccntoinine a total ojf %pproxinmtely
3.1 volahlt percent or the free nittals. With thisa catalyst (Of.
Haf. 3) which huo been designated 11-7, it was round posoible to
briXng rolaction (1) to anispletion with a residence time .

__. 11 iue3shows the equilibrium-n.
temprature Pr aid wit the H-7dc tcataroldd ysth ioln a raton
nhatmber simiart pztheat shw oI igut . The tenperatues wormeasureld by eas c fhfiber pr hsrsofel300u ola n flmo owpe raenOfe
iydrazine ofall u th .30l lbcate aTh 2-inch intervalst dowf the
temeratur of the chabe.Teotalys badat&ivenr plme in the rectionewhasto againilist the residence time poine tby cthle volume o

* ~ctls lying upstream froma in therpoino.pTe taemperaothresg tVer
in removallo addriftioavell oaets at the nc uptintv snd own the

oatalyst bed.

The teimpaerture profile shown thnt the hydrnzRmne which
enters the reaction chamber at room temperature undergoes little
thermal decomposition upstream fromi theo atalyst bed. In the
Catntyst bed, in the region 0<0 <0.5 m~lllsoc, the temperature
of the advancing stream risen rapidly to the boiling point of
hydrazine at the existing nhambsr pressure and than probably
remains constant for a short time until all of the hydrazizie hap
boon vaporized. It wan pointed out previously that the thermal
deomouposition or hydrarttne is largely a vapor-phiAue reaction.
Consequently it has been concluded that in the *ntiesnoo anoition
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DECOMPOSITION GASES I
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Figure 2. Fydraclne catelyst Test qrgoubw
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2500 I II
*--- RESIDENCE TIME IN VOID UPSTREAM)

--ROM CATALTST 81 D

REACTION (2), 25 TO 30
-PREACETIO COMPL. TE3

2NH 2z + 2- 22.00 k~al
AND HEA1 LOSS

3N H4  4NH+N + 20.15 kcal,
AND SAME NHs OISsO~ITION

. `H AýMER RESI ENUE TIME 2 3 M11li810
ly. HYDRAZINE FLO)W RATE s 0.30 lb/sia

1000'

--REGION OF N H4 VAPORIZATION

CATALYST-BED ENTRANCE

INJECTION TIPRAUE

RESIDENCE TIME IN H-7 CATALYST (mifIilso)

k.,figure 3. Temparaturs Profile in TYPc H-7 Cata~yst ws
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CONFIDENTIAL
of the o&t•alYt bed the heat liberated b7 the thernal deoolposi-
tion tOf bd• in5Ao to not sufficient to com*te the vaporisationf
kraoeses thus the establih•nh t . of equllibpaum In this legion is I,.

a"et the tramsfer of hbeat tom the s.oal. bed to thei
raising stream Itto further ooa•luded, thet iMe eat is;4the h by theaml oanduction back thwobf the oatelyet b#d fromitheo,&tmpptf "jiqns. In ths, Vs ;& .541eS dC.S V1.11-

400# USh Wrasin u raptd the:420, It toionaOceinpeOieb• the dig~tisom.o of eiba ,mSE a Swim .. :
40us"sralue oy teN o inaa14,About~ iU attai ed; a ro a reeideuoe bUNe

milies iTtua'e corowsponds to 'the diteeoolatiozu
O frOUm 5 to )0 PO AtO thimtmonta. As the residence time
beyonda 1.5 ntll, u Inoreaes, the t "oaotuz of Me s st•eam
deo11es r19 ad ully owing to lbs fndtmh o oie4sooiatton orf .h.
a&WOO"i. and to the loss ot best throughl the wells of the reactionl

or .oea o4 L emoo. st, 0 st on the mount of Ammnia
whichl -oe be dissooiat iT i eat on eftee similar to that

showin1uae. te dta a th n erve obtained bytiowe in theur ee uy dataot i n ohe a PaVttX Uu @obeIOal alyses of the decepseitionl see. tl residenceU10 il •ts hwe Nin0th7 "satiop. .obt elp VANi So u.m g l • • l o

the ohab replasur was about 500 Bee n tehLaIAS Was
latioduoed at rate oft about 041O05l!bfoo •h he sue is a plot
of the amount of woodiS which was dissociated AgaiLst the equiva-
lent residence time provide by the wolue or osaflyst In the
reaotion ohaieo.

""n All oases the upstream surfaeo of OWi ast.lyst bed was
mnlutai•ea• a4 am.istaS• or about 1/A $obh ticS the hyduasie
.njootor in o0141 to peMutt the attainment of uniform uposs-

eOtionmal distribution of the hydrauing before it entered the
ostelyt•. The volum of the void uPsGtram from the catalyst bed
oowwesponded to a moedeo time of about v pdlllteo. Te
residOene time In the catalyst bed '-as varied by cha4giag the
total "oluIw of catalyst thwiU0 the Addition or remOval oa
pellets at the dowastreas and,

It should be noted that in all tests the total tegiodoene
time in the re&otion oheeor Was 35 Milliseo, In Figuro I only
the residence time oorrespendinl to the voTle of thq catalyst
bed is pltoted. When no catalyst was present is the ohaber,
'ulY 46 pePoeAt of the .eOMWE V4e dissOOcLted. As catallst was
added tO the ohse*- the extent of the MilieL dimsoloati on
icre*ased untl a volwu of catalyst oorresponding to a resieaoe
time or about 15 millise In the catalyst vua sahedg , at whieh
point approximately 50 percent of the u•niaw•as dissociated.
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CONFED -TIAL
Inoreasing the volumno of catalyot beyond thin point resulted in.
only a slight additionali increase in the amount of the ammonia
which was dissociated. It appears, thererore, that from the
standpoint of ammonia diao.olation the op•imurn residnnce tIme in
the H-7 oatalyst Its about 15 millisec. Tests in reaction
ohambers of different total residence times ohoy that the extent
of the ammonla diono oiation which c€a be achieved with a given
residence tinte in the 11-7 catalyst ti virtually independent of
the total volume or the reaction chamber. For example, In areantion chem-bet which previdod a tou.al ýe~ldenos time of about

".) milliane, it van found that approximatoly 50 perooent of the
ammonia was dissociated vhen the volume of catalyst in the
chawber eorreuponded to a residence time of 15 miilisee.

With the type 11-7 catalyst, it vsa not routid possible to,

obtain oustained thertual doovmposition until the oatalyst bed
wau heatod to over 4OOF, F'or this purpose, electrical heaters
wear fi.•rt used. However, this method of ignition was not believed
to be aatisfaotory for pi-notictal 'ui. Therefore & bdpropellant
etarting technique wau doveloped. Vlth thie inethod, the deocpo-
oition v,,.ction is initintod throu1i~ the uimultaneous in jaction
bf hydramine atid an oxidizer (RPNA or, N1O-A) during the firest 1/2
nooond of operation. The mixturo rat.o'(ratio of oxidizer flow
rate to hydrains flow rate) is waintained betweon 0.2 and o.3
in ordur to pro.ant hard starts (obtalinod when tho mixture ratio
ti below 0.1.5) or russion of the natalyst (obtained when the
mixture ratio !a above 0.35). The oIdize.r is injooted in suuh
1 antnnOr that; unifort•, uixing with the L.ydrarino is achieved,
thereby prevenbing, local overoxidation and ro-jultant damage to
the catalymt. Under thetoe r)ndltionn, the bipropellant ahnAting
ayatem was round to be rollabla and 'eprodutoible.

Qqqa-!tul YHl h S. Ak1 Aotlvot ooTeor-Atunq

In the oourne of the Investtgation of 4ariouu oatalysts, au
attempt van siwde to develop oatalyity which vould be sufficiontly
active to init$~ialtt thm thermal de(ooonott~ion reantion at room
temperature. Two catalyqts of this s,•ral type were found.
The firot consisLed of a moiiifination of the tYpo 11-7 in which a
conuentrated uolut.1.on or tho motel n~tr'iteu aturatnd with
oajonluin diohromalue wan usnd to imprcinto the c.lun.nmimn oxide
pellets. The pellets wore then hoated to nbout -4500.P for four
hours. When hydra.ino was hrought lntu contact vILh this catalyut
ut room tompoeature, ignIt••n ocourr,,! within lii P1l.1.11sea after
"tho Introduotion of hydrazine into thr chamba:-. Ilowoveor, after

4 . the catalyst had been atorod in airtiCht oontain!ei, for several
weeks, it was found that its notivity had deolined to a point
"where over 50 millinoo was required to Imitiate reaction.

• " -- 58

. 'CONJ DENTIAL

A. __ _ _ _ ___.. '

SEURT INF7MTO

No.'
4. .



iA

CONM ENTIAL
As a result, when ILg.Itiun oacurred, thu ruaction was

extremely viclent owing to the large a;.oumulation of hydr n"ne
in the reaction ahar~ber. 'Fr this regson, Purther developmat
of this catalyst was abandoned. A. oatalyst conmisting of metallic
cobalt deposited on oooon~t-oh.roohl pelle.s and promoted with
platijau was found to be capable of Initiating the thermal-
decomposition reaction at room temperature. However, the Ignition
properties of this catalyst were erratic, and its phyuical pro-
perthls' were not found 3uitable for pe.,olonged use. Nfeither of
thene two catalysts '-as found to be spontaneous on re-use although
the platinum-cobalt oatelyst could be regeneratmd by, heatilng for

euvoral hours at about 15O0 F in air. With both catalyts, it was
evident that the ignition properties resulted Vrcm an oxidation
reaction rather than from true catalysis. On the basis of these
studies, therefore, it A;peared dea:'rable to uoo the bipropellant
stnrting terhnique.

Oatalas for thei Dtmsocation of Ammoniij

Although the izon, cobalt, nickel, and alumira catalyst
(type H-7) pr'oviouuly deaorlbed is capable of' producing optimum d
perfurmance of h•drnzino at a mouepropollant in rocket motors of
moderate L*,. it is not vultable for use In low-tomporature
prousurization systowes whore it ia deslrblc to dinvnouiate the
ammonia as complotoly as possible. Therofor• an investigation of
oa.talysta for the accoleiat.ion of reaction (2) was undertaken.
This study uwas divided into two parts:

In the first part, which was unsucoe-isful, an attempt was
made to dovelop a catalyst which would itcroaso the rates of
reactionu (1) and (2) to the same extent or else cause the
d-crposition of' hydrazine to nitrogen and hydrogen to occur
dlrectly without the intermodiatu formation of ammonia. For this
purpose, over 70 differont. catalysts yore tested. Those catalysts,
Swhich wore propared in a variety of ways, incorporated one or
more of the following: iron, nickel, cobalt, platinum, silver,
copper, nmnganese, cerium, molybc.-nuina, vanadiuw, chromium oxide,
alumJinum oxide, pol agsium oxide, sodium OXide, barium oxide,~mAgnualunt oxide, and tungsten% oxide. These iuaterils a1•re

supportod on carriors of alumina, silicon carbide, ziroonium
oxide, kienelfSuhr, fullor's earth, filtrol, or charcoal. Feor the
moat parL these otalystm were inferior In activity to the iron;
nickel, cobalt, and alumina catalyst, aud in the few cases where
-a uperior acotivity was observnd, the physical proportioe of the
oatnlyntm wore not suited for pracLical use.

"In the ocoond part of this study an attempt was made to
develop a catalyst which would be active Lin the dissociation of
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the aizomnia formed In the denomp.•4ition or the hydrazine over
t~h iron, nickel cobalt, and alumina catalyst. For this purpose*.D
m im•:Il of the cataiydtie developed for the first phase of this study
were tested in series with the type 11-7 catalyst. Hovever, with
the best of thece oata.ystu,, only a slight increase it the amount
of ammonia which could be dissociated in a given residence time
was observed. Tberefore sevexral Industr.al ammoni&a-ynthaesi
cat&lystu were tested. Of those, the most saticfaotory from the
standpoint of activi~y &nri phiysioal properties wan Acre eatalyst,
type FM produced by the Chtvuital (rinatruction Corporation. With
this catalyst, which consists oV F#3304 promoted and stabilized
with K(20 and Al, 0- and iu supplied In the (Cuiu or )x6-nouh
jr'alnu, it was Yolnd pusoioln to diw:oouate up to 7. peroent of
the ammonia with a ,enidenco tinie of 21 millisec. (An additional
reoidonco time of about 10 mtilisoc in tho iron, nickel, cobalt,
and alumina catalyst VnA! provided ror the completion of reaction: I1.)'

The inf'luence of r1'id•inoe, time in type FM natalyst on the
extent of ujmounin dissoniAtion is shovn -in Figure 6. The data itn
the fieure weon obtained thrcough the analybis of the decomposition
gasos. The oatalyst hod waao avransed in the mannor uhown in
Figurý. t. The hydrn1ne wan first bzought into contact with

0•po H-7 catilynt in. order- to bring reautlon 0.) to completion
berore tho gases onterod the type FM catalyst. For, this purpose,
a vrsiilonoo time of approximately 10 millisoo was provided in
(hu Lypa 11 -' caLel-yat. With this residence time, approximately.
4i8 O.'cront of thf, allvinl.a va•s dissociated before ths gases
untered the FJIN co...yst (Cf. Fig. 4). The uesidonoe time in the
type PM ontalyrit wa3 vartied in the same Wnner am described in
coaaeotion with Figure 4. From Figure 6, "1. can be seen that the
FM catalyst incroasms the rate of disnociation of the ammonia
quite nzarkodlyl thus with a total re!J1donco time of 30 milliseO,
approxLmately 75 percont of the oninni is tdisoitated. When
the ronidonce time is Increased beyond this value, only a small
additional Inuroage in ihte amounot of the ammonia dissociation is
Obtained. The decruonu in tho rate of etuompositlon of ammonia J
ag Go increases is attributed to Lwo factors: the deoreasingronnentration of ammonia in the gnses and the lower gas tempera-
tures. From Figura 6 it can be soon that the optimumi residence
timo for FIM catalyst is about •O inilllsae. The large scatter
In the data results from the fact that |any of the points were
obtained under widely varytng conditions of pressure and flow
rate. An attempt is currently beirn made to determine the in-
fluenoe of pressure, mass flow rate, and chamber diameter on the
activity of the catalysts. V
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Lov-Ireezw lixturp of Rydravijne. Hyrzn irt,'1 ae

rlncr.use of the high free~lng point of pure hydrazine (340P),
itu use as a &au generant and monopropellant is greatly limited.
However, it has boon found possible, tnrough the addition of
hyd.razine nitrate and water to hydratine, to produce mixtures -
which freeze below -40OF and which may be used is effioiant
monnprope.lants ind gas gone.ants.

In con'ntion with the deve:lpment of hydrazine as a gas I '
generant fc, une in*the pres.urization of the propellant tanks
of the Co'"3ral flight vehicle, it van found that the presence
of aicieonla In the decomposition easos or hydrazine vae active in
causing an explosive reaction when three gases were used tu
proanurize the R1RA tank of the vehicle. Smnll-scale tests
showod that tho probability or eAploslive reaction bet'ween the
doucompooltion gausm and RXfA decreased as the conoentration of :Kimnnia in the gasmo was decreased.

When the concontration 3f ammonia vcm lees than 5 mol 4
percont, the probability of explosion was extrumely low. However,
using pure hydraxino and presently devoloped catalysts, it was
not found possible to pvoduoo gasos vhi.h contained less than
12 mol percent of ammoni&. Therefore, in order to reduco the
wxnmonia oonoontrati.on to a safe value, it wan necessary to add
nitrio acid (in the fore of hydrazine ni tate) to the hydrasine.
For this purpose, a mixture consisting of 74 percent hydrazine,
20 percent nitric acid, and 6 percent water by weight weo seleated.
The theoretical performance parameters for this mixturn are shown
in Figuro B. Using this mixture, which ftrozes at --40°, and a
residenoce time of 12 millisec in the type H-7 catalyst followed
by 20 itlilieso in typ FM catalyut, It was found possible to
produce gases which contained approximntely 4.0 mol percont of
ammonia (X a 0.86 i11 Fig. 8).

The chief disadvantoge encouitered in the use of the hydrazine-
hydramtne nitrate mixture (hydramine containing lesser amounts of
nitrio aold behaved similarly) was In connection with its tendency
Lo detonate when brought Into contact with the catalyst bed at
lIV tempurature. On three occasions, when an attempt was made to
start monopropellarn operation In a catalyst chamber, the
oxidizer starting valve ra:.led to operate, and the hydraulne
mixture alone vau Introduced into the chamber. Although the
hydrnmine flow was stopped within 0.J second, nearly 0.2 pound
of the mixture had entered the chamber. This hydrauine detonated
within 20 seounds after the flov had been stopped. Under similar
conditions, no reaction was observed with pure hydratine.
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.4 RX)'ERIEMCE WITH HYDMRAZI•E AS A ROCKET FLJRL
AT TIE M. W. KELLOG; COMPANY I

by

R. J. Thompson
Thso N. W. Kollogg Company

Theoretloal par formamo oalculations indicate an advantage
for hydrazine over iost common rocket fuels with the principal
oxidizers. Experimomntal wrk initiated at The M. V1. Kellogg
Company in 19465c onfirmed this oonolusion. Hydrazine has. been
Looted with nitria aoid, liquid oxygon, ahlorine trinuoride, and
hyadrnigtn poroxida tt thrust no&lea varying from 50 to 1500 lb
with g0inorally favorable ro.nulta. The caloulated and exp-rimental•
porfor'ianue data are ummuirized.

Other favorable ohuracoteriutios of hydraine include good
ignition vithk several oxidanta ann oonvenI.A.t pn generation by
thermnal cieomposttioak. Resulto or ignition and gas zoneration-
studies are reportod briefly.

*Othor physical proporties, handling sxperience, and the
freezing point doproanion problem are montioned.

In conolusion, it is urged that more attention be given to
the problczn of producing hydrazine at a sufficiently low cost so
that Ito •otentialitiem as a superior rocket fuel may be
roali9,ed in praotine.

When The 14. W. Kellogg Compmny embarked an a rnoket Movellop-
mont prograwt for the Air Forces in 1946, our attonti.on vas early
dizrootii ton t.he potontLialitios of hydravine iti a rockoe fuel for
airoraft and missile appliuat, Both thio German devellopments
during World War I1 and the theoretical performanco oaloulftionie
then available made thlu material appear quite attraotive. Apart of our first major job was to survey tha ronket, propellant
fold and compile performance and physical pzoporty data. In the
oouzlae of this work we oxtended the perforfn."nce aalculations ofhydrarzino with several oxidizers over a r'ango or mixture raioes
piw.duroe, and connoentratione of reaotants and comparod the results
"with those for other ftmin, In each case hydri.slne yiolded higher

" "J P.' erfortinco in terms of both opoeifio and density impulse than the
comlmon oarbonaceeum propellants (hydrocarbons, aloohols, and
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aminus) at about the same or somewhat lowse chamber temperature.
Thin may be Illustrated by a tabulation or typical values calculated
for full expe.nslon at ?0.4 ohamber-to-bnok-presnure ratio (300 pAia
at nea level), displayed in Table 1.

A similar advantage in performanco of hydrazine over the
carbonacecu* fuels can alec be shown for the fluorine base
oxidants. . ,

prom oonsideration both of impulse and of physical and
chemical properties, It, appeared to us that hydrazine offered the

mos prmis fo aplie io inthenear future of any rocket
fuel capable of yielding higher performanoe thaa the gasoline
type or other comon organic fuels, and should receive serious
attontton. Our'experiotntal work, which vas among the earliesot
iu lhIts country, vas directed toward this end. Some six years
later, we still feel that this was a nound decision.

Hyarazine has been test fired at The it. W. Kellogg Vompa7,
with several oxidants inoluding nitric &old, liquid oxygen, ohlorine
trifluoride, and hydrogen peroxide.

Tho'bulk or our porformanoe experience is vith white fumin:
nItric Aoid (W$1NA) as tho oxidizer and with throo fuel compositions:
97 poroent hydrazihe, hydratine hydratt•, and an approximAtely 75
peroent hydrazins-25 peroent water composition designed to freeze
bulv -40Q?. Tonto of all three compositions were carried out at
50 lb and 500 lh thrunt levels and of the latter oomposItion only
at 1500 lb thrust.

The 50 lb thrust chr.mbor was used for exploratory studies
and for determination of oharaoteristic velouity as a function
of mixture ratio, as well as for ignition studies. Uncooled steel
olihumbers with coppor nozzlos vwre usod In, runs of about 5 to 10
soo duration. The injootorn were of the simple pair or triplet
izpingonent t pe; oharaoteriutio lengths varied from about 60 to

135 Inohes. Chamber pressures yere in tho range 300 to 400 p±a8.
Irn both these tests and In the larger thrust chambers, nitric aold
lnad flow was provided tn ensure smooth spontaneous ignition.
Deoasue of it. small slie and rolative simplioity, the 50 lb
thrust ohambar hat proved a most valuable tool in thin and subse-
quent rrograms for rapid nnd relatively oconcmictl propellantevaluation prior to larger nouln thrust flringn and for Ignition
and noribustion studies. With reasonably good injeotoro, ohareater-
istio velooities of over 90 peroent of theoretioal may 1e obtained
ocdxesibently. In addition to about 100 nitrio sold performance
firings, abov. 25 performance tests were made of hydrauine
hydrate with 90 percent hydrogen peroxide. The mixture ratio
rango covered in these tcts wvat from 2.0 to 0.6 with nitric old-hydramine and 3.0 to 0.5 with hydrogen peroxide-hydrasins. Thl
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results or these 50 lb thrust scale firings may be briefly
sumnarized by a tabulation of maximum charactcristic velocity
vluos obtained, displayed in Table IU.

Testing at the 500 lb thrust scale was accomplished in a
water cooled unit of conventional de:ign in which the Injeotor '

* and characteristic length could be Varied.' Several type ofa
inlectors were tested including unlike pair impingement, spray7
noz•.les, intersecting cones, iimpingtnK and non-impinging shower-
huadm, and splash. Only the annular splaeh plate, or Enzian type
proved superior to the simple unlike pair oont'iguratioal, and the
oupericrity of the. latter over all other injectors tested, parti-.
oularly at low L*, was very marked. This is shown by the
comparutive data, expressed in terms of percent of theoretical
diaplayod in Table 1II. Oood connistenoy was obtained for two to
twelve teot polits at each condition. Now, these injectors usre
wmade quite early in our roOket espei'iencO and %indo•'btedly both
the impingement and other types could be designed for b~tter
perforumnoe today. 1Iowever, the stri.kin• improvement achieved

,* nmoroly by adding the annular splash plate, to the impingoment
injeetor illustratos the advantage of this injeotoz. type for
propellant combinations and thrust levels where it can he used
4tafoly. This safety depends on the coinbustion reaction'boing
sulfiolontly rapid ,o that A cl• e tw' aiccmulation of unbur•It
propellant cannot be trapped upstream of the uplash ring; inSgeinral, we have found it uatiofactory for fuels which exhibit
rapid spontaneous ILnition with nitric aoid. The action of the
oplach ring is not fully understood but is probably at least
two foldj it Improves the liquid mixing and provides a high
doegree of turbulence at its downstream edge.

The balance of the 500 lb thrust firingu was devoted primarilyto a study of tho varlation of apao.1t'Io impulse with chamber
prusauce in the range 250 to 500 psia *hen oporatin, near the
nitimuin mixture ratio. These toots were made with '14 percent and.
9t porcent h drazine using both the splash plate and impinging
utream injectors. T& rfesultu rind fuvther data on the test
oonditionA arc shown in Figures 1 through 3. The increase in
,o'foriance, relative to the theoretical, with increasing pressure

is typical of most porpellants and L.a presumably due to more rapid
mixing and combustion at the higher prossures. Only a few runs
were made with hydrazino hydrate at this scale since its performanoe
was not high enough to be of munh interest. An average specific

, impu'ne of 196 sec and characterintic velocity of 4650 ft per see
were obtained at 420 psia chamber pressure.

The 1500 lb thrust chambers were designed for rogenerative
cooling with the acid and wore used to check the thermal design
as wnll as to confIrm the performanae on a somewhat larger scale.
The extent of testing at 1500 lb thrust was litIted boocaue of the

369 .

V--

Y''

., *h, 4

.', . j ,•. . .j. r " ..... nt .,.rrv.-""',r .... rr . 'r. - ~ W *t

" "' ,} p4... "



btt

44 4I

"4.I --

....if .. . . . 1111
jj,. I



m N

a~ 0

L Is 2 41 .3.r J)

1L14

I I Ac

371.

111



SPE~CIAL PROJECTS DEPARTMFNT

R 3 0

AtA

0

0 0

5 s 0 .

M f AHIAU

_ _ _ _ _ _ _ _ I _

I I I I 1



_ 
KELMGG

SPECIAL. PROJECTS DEPARTMENT PG -

3.,~ific I.0054. Ii "qc set lb 4

3723



&a Veoit.I prw

*1

.1 1

a -

-I I aelt . l ~

4.6. k,. 
.-•

M , 
.

L-

.;",* i•;, '- ,:; \ - - - - --'- - - ~

| " ,• I.' ... . '3

.." 1, "".. . ,,""
',N ': ' . "'e t•, 't-e'r.se"

" ':•" iil ... . '" O•' 0'1 "

S '.. .•' " , , , ...: , .' ..• . I" •A C ..., . .



SPIECIAE. PROJEcTs OEPARTM0N1*

hecifie Iapullu, lb wee PIP 1

DR CM3I V...~t WIT aInpam

-E L)



SPECIAL PRoircTsOtDPARTM1rNT

~ 00
OwF

jl-

on w~d i
o)pa



SPECIAL PtOJCCrTO DEPA~RmENr PAGEL.

INL
co 00

?rdiTZ. 3mO2Avov DATA, 500 Lil Tp3utf enlanU

IyIf



high cost of the fuel. The splauh plate in.jector proved suoeess-
ful ft this thrunt also and the ruuulta obtained near ý00 paia
ohamber proesure oubutantiatod thouu. obtained at lower thrust.

Performatioe data on hydra:zine-liquid oxygen were obtalined in
nominally 200 lb thrust uncoolod steel chamb3ra with Copper nozzle@
ovtr a ohvwber preuuure range from about 2C5 to 30 paio. f ?Maxitum
-pocifia Impulse Atwd nr.racteriatio velocity values weore 2 L.2
uooondo and' 5700 ft per see, reapeotively, at a mixture ratio of
0.6f and 330 puia chamber prousurp. This corrOmponds to go
peroont of theorottoal Impulse at the optim"n mixture ratio, .
which !a considorod reasonably good performn.noe for a avall motor.
Ila oxtoasaivo lajootor dovelopsoat van undertaken, The beat
rotiults utre obtuinud with simple ••aomblien of interoeoting solid
ci•ie uprys. Speoifio Impuluor above 230 neo were r.a/,sured over
a mixture ratio rande from 0.85 to 0.50, as uhown in Table rM.

i3noo this oowbination ia not aopontanoous, several ,ethode
of ignition wore tried. Pyroteohnic igitition was uaed ta the bulk
ot' tho, tontis thin wat ,atinfaotory when ,,pray nozzle ar.joutors
and oxygen load flow wore employed. WLth elthor fuel leand or
solid utroam lninjotioa, hard attlji oometlmleu resulted. The hard
atatn with uolid utroam injtotiun wui.e probably related to
deJ.4yvd atniatzatImn lnd vaporization, sýnou no flow otaging was
providod. IMnrd !jtarta or oxplosiona with hy7davino lead fluw
art; geitubtally ex)arlotnood with all oxadixure aud probably result
from- tho exotharmto deoomrnanitio of the hyda;.ino itself.
Ignition wan nino aooomplished byt

a. 3eparate Injetion of a stream of n.tr,. aoid to establish
a flouio by spurntanuous ignition with the hydrazlit prior
to oxrgun entry,

b. Chromlo acid oryatals Ii the chamber,

a. Pleotrieally heated glcv plug.

It appeared that olygon-hydrazine is relatively easy to ignite.

Av a part of an experimontal attudy of high performance pro-
pollantn|, ohlorine trifluo.iude wvu fired with hydrazine, ommonia,
gnroline, and othanol in n nominally 200 lb thrust motor
at about 300 psia chamber prossure. Due to the ununually hazardous
nature of the oxidant, peocial safety prooautions were taken.
Onoo proper hnndl Ing procedures were worked out the program pro-
:oodud smoothly, quiokly, and without difficulty. Best results
"in terms of high performance without injector burning were obtained
with a "buried Impingement" splash injootor -- that !ks, the
.treams strunk thn splash plate before impinding on each other.

C '•Vhen the a:,)lash plate was moved downstream o: the impingement
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•"I
pol.nt, burning of the splash plate resulted. A auwmnary or tho
ro•ultm obtained with ohlorine trifluoride is shown In Figure 4.
'rydraitinp gave the highent pprformlanco of the fuels toeted,

• 1thuu4h 6hu adva l.age .in •erforrmane over nutu.onia wal no, groat,
Witt botb hydrazino and ammonia were 3ignC.11tcntI b1j Lter 1.han the
cArbouacenmue fuels, jet fuel, and ethanol. *Vi.th :Litrio acid and
oxygen, nn the other hand, the performanoo of amm.onin and Jrft
fucl ar'e ndaurly equal. Figure 5 prvesnte an intereatLzg comparibonof thj, exporlmontlly determined nmr.'inum aharactoriatio velocity
valuou with both ohlorine tvif'luoride and nitric acid or hydrn.ine,
Luwar.'nia, 4nd jet fuel.

Thus far we have dinoubied primarily performance as xnasured
37 apoolfiti impulue, mixturn donuity, and combustion temperature.
Hydrazino has been oort to be gunurally more favorable in the
ri?3t two ra:;pocts and oampnrahle In the third to the coemaon
uarbcnqoeoiin liioln. *['ehto propellant propurp oa are germano
to aI.1 rocoto ,npplIcati tIns. ThoMn ar, of outtir-I, other prGrpert..es
whioh may be of eqiial or ovon gorvaLor li.uortanue iii detormainingth,:I usefulness, of a r.a-toriail as a r'OOket propolldutb for a speol.rie
appliontinon. The importance of th~so phyniO~L And ohomltoal
propertiou vartus, hbýeverle, wlth the application. Some properties ,
01u01 an thot'),'.l. initithility, May eVen be favorable for oneo
1LaPp.1CAtIQ,, atnd 111fVQ'1v•Abl8 roil anothur. Sumo of the propellant

pr'oportion whi•ih affect the safety, roliabllty, uhueulaues udor
extromr e•vzionwental ocnditios, oomnplexity, wieght, and Goet of'
the rocket itolude:

a. Ignition and oombustion characteriatios,

b. Thermal Laud mechanical stability,

0. Oorrosivenoue,

d. Toxicity,

e. Phya.toal proportieus froozing point, vapor pressure,
visoosity,

f. Eoonomic faoorus availability and cost.

The primary requirement for a rooket ignition syutein is to
unsure that the rate of reaction or the propellant. at anl times
durina tbo utarting tranolont io g~roat onnituh to prevent a dangerous
aooumulation of uiburnt propellantn vithia the ohambor. A seoand
roqulromont in many rooket apploutions In that the "ignition

J, ' J"delay time" from closing the firing switch to attainmnont of full
thrust be short, accurately known, highly reproduciblo, and in-"sensitive to environmental conditions., Application of these
requiremente to propellants which are relatively ditffioult to
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ignite .iesultts in ig~nitionane.d flow staging systemus of considerable .
comploxity. Thus, saffety is tnsurod only at the oxpense of
r~oniplexity, increased weight and cost, and ax e~te2naive de~velop-
moat pr'ograIm to attain reliability under all1 onTvironuientOal
coadIk~ioria. Thlais~l partlcifanly trixto of titarting. systemil vIich
vi'LUt b, designwod frex repuatod opuration. withomt servicing. The
difi'teultlott t'rnocliteni'd in deveol mrunt. of tho nlit2lIc acid-jot

.uO. v'yriicn largelly relate to this problem. It ia als.o found hast
prope~linats which urn hard to ignite or exhibit a~ long "igaitioa

d63ay ae moro subject to unsntable or Incomplete comb~ustion under
thr~~e %aconrditions of chaaibor volumo and prossure, compared to
tho rast bponttneootsly igniting combinabions.

The urse or spontaneou!31y Ignitin~g propellault.' offoru, in many~
rAUpooQt8, thto most des~irable igu2.tiort mothc'd, Oneo of the beet
spoutanuouri cbmbiinutions in hydritzin.i -nitric acid, Ujrdrazlne -
hld..'ngin Ikuraxiri? liq eox~iouhat loss favorable Anioin a catalyst Is
rnqiiLrod. This proper'ty oan bc unodc endvsivL.4%goouUly even VhenhydJrazLixo irs not the primotrX fuel by ouxiloying,; it na a starting
fuo3. or l~iquid prnioxr for it wain fuol, uunh fne gaaollno, whloh Is
no nronntanaoum. The quantitty of abairttng huel aeod only bu
atu'fiolorxt to pr'ovide flarie foil a Vrrnotioju of a nucond prior to
ontry of the ztin, funl * Such a star'tingR nyvt~e has proved hig~hly
natinfaotcory in Iiindvdi'ei of tout firingri withi nitric aoid-,let
fuel at The M. W. lellogs Company. It lo our belief that a.
hydrasine starting ayrit~mn vith appropriate valving, made up
as a packaead unit nuitablal for Derhaps 100 xreper'Aed firings,laiy b6 comowtittve oix atip~r1or in' si,., volght, nonet, reliability,
aind sipeed of oper'ation to an olwctrical Ig~nition system foxr nitric
acid-jet fuel.

A oonsiderablo part of our early work stith hydr~azine van
dovotod to mitudy or Its ignition ahaz'aoteirlsticos, employing both
d1rop tent and~ swtll rock~rit motors. 'Thn Pont uaeful. techitique for
both idaitiun and combustion studies it~ nmrall units has provod to
bo the tr'anuparnt motor, In wtdoh a glanLg or clear' plautio
chxameber io providod with zit injector and noznle, and the propellant
entt'Y, raixinp, ign~tion, and subsequent combutition ailo recorded
by high apnod photography. It it&& confirmnd that the appearance
of viaible flame oend bogiininig or preasuio r'iuo Vera simnultaneous
vithin a fraotioni of a millisecond. The drop test In considered
4 uo u actin ctoobt ao sufienl simila to actual

Drop testa were made at room temperature ofhydrasine-vater
anuid hydrazine--methanol solutiozns containing A eopper oatalyst
(potassium oupwoeyanido) vith 9U petrcent hydrogen peroxide. The
ignition delay of the former increased almost 1 inearl,7 with water
contents varying from 5 to 70 percent. The hydrasine-methan~l
solution, on the other hand, maintained a low and nearly constant'A(
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delay tip to 60 parefint methanol, and then rose' stee~ply. fipon- t
taneous Ignitiron still coecurred, although vi.th long and. o.t-r6tio
dolays I at. 90 p~iroent wethanol-1O per'cent hydrazine. Those
results illustrate that sattiefEotory sponitaneous I~gnition eaii be
obtained from mdxod fuels inl Wv2Aoh hydraz~ine iw the rz1.noi oo~,nponet.
Thei German " -",off't" whioh ici 32 psicoat hydratino, 48 peroent
raieib'nol, 21 percent wat~er by weight exhnibit" good ignitlon with
peroxide. oo'tsseesic1

with 90 percent hydrogen& pLrOAldO 4t 8111bi.,at t~.iinpcraiturs bAnd with
stitrio ncid at ambient, and low touaporature wi th variyiug fuel
oompouitiono. The tout ocluditioria And average results for some
of these tuaLu are ahown in Table V. In briar, hydi'azino
hydriat" and "C-Stoff" wi-th rouLta1ynt and az~hydrouei hydrazine
without catalynt all gave stint'notory iignition viih 90 pmiroent
hydrogon po~rozido at am'bient temperature, vith dolay" i~n the
noighiborhood or '0 milliueo. liydrRuitim hydrate would not tgrnite
uiatiofactorily Yithout catalyat. The Igai~tion delay of tihydirnus
hydray~luo with oatalyst was lose than one I-allisec. Anhydi'oua
Iuydiaziuiw, hydraz~tne hydrate, And intormediRto 1uoo i1iona~ i±fnite
uat~iafnatorily at. t~oiap~ratur,03 above 007 with. both 1-11-11A And MONDA;
wost of' those data are omitted fromi the tab~le.* A loy froozing
composition or 75 peoi-oat hydrazine-28 p-o'cent vater ignitee
reliably with IIFKA, but not with WPMA, at tempoeratur'es from
-400 to .5507.

Hydrnizino Is thermally 'unstableg. The rate of the oxotheronlo
decomprosition in depcndunt on. specific catalytic srface .4rfft
as well as on the turmperature. Experiwo.ntd both at Tho M. W.
Kellogg Com~paniy and v'lseývhero indicate that hydraz.txw hevtud in
a stainless steel bomb dooomposon rapidly and cotuotiroes *.'xplostvu-
ly at temperatures in tho noighborhood of 500 0F. Tlydraziu~. vapor

dooopouliondoes not propagAte into the liquid at noriu-l tempera-
ture. Extensive teots Maae early in our program and subsequently
confirmed by others nhewed that liquid hydra~iine is stable to
seviore rneohaniciest ohuk iild will lot propagate a detonation
initia~ted by means if an explosive oharee. The vapor is, of
course, combustible and hydrazirae soaked rugs, waste, or filter
surf'aces may ignite spontaneously In air if mot soaked with

.. .... water.

The thermal. instability or hydrazin3 militates Against its
mybe advantageously used fre generation of turbine drive or

pressurizing gas, am will -be discussed later.

The corrosi~eness of hydrazine toward materials commonly

10 usdI okt a otbe eiu nor xeine ete
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did we find its toxicit.T to be a sijgnirlment problem, although ,
this 13 Apparfontly a~t variance with the experiance of others.
rio vcroo eI'foeta Utha~ surý,,'ricta1 ey4 aind upper respiratory
irritri~tiofl ifvoir tho vapornj and w~ild1 oltin b1iot65ring trou liquid

nAIilr;r~n vetro crnclirnturric . To our knovlodgo, no njuLtaao o~ffeats
wore produced ý.n nay of ouir tuoit perisoi~nol. In gericral, it was
totind that hydra'zlinO cotuld be h'aridled without difficulty by
obnitving nolluiw riafuty preCAiUtien3 for flamwablo anid toxic

Tkin pby:3ir_,il properties et hdvni-azi a"e mitiaftotory exzovspt
for ±tzI high frci-3ingt point (3)I.5bf), whioh-is ur1Jatinfacotory for
toO;io rock0ýt appA1lrbtlnns. The utriplooit addit~ivtb for frcoaz±ng
point lowiring Ir, .,,atur; tý Is nl..io the ohoarpout ainco anrhydrous
hyflvu.l'?sionw not bw produovd. Tho rilninauu froozing point is

-6004P aIt ;2,, porcont 4'iutor, facrord.lng to nur u~~i'.vtjthe
uorroaopo,Ldi~nV r-ction. ii both o.A:Liullittd i'nd Oxoriwentai1
tspf- uoLCIo imlytil .-j J~a about 8 pr.rn'ert. The addition of 1v4tur
lowora thn o0-,wi'miticn tboipornture ~oii 4500JF, irtich ea~ca tho
co obus titoi churabor cooll :ti vr~l'eri c~onsiderably.

Several other add-iLivos bhlvc boon propoto'd and t~sted aij
hydainu frooziaog point depossnrrttt, .tuclu'idltil v~triou., Alocoh3,
vealc acjia d iol o'ic ffH3 or JJC, unvaonlta, ujid hydjui,.ziv or mu'obznia
eal t, a. For tdio ficrio I'ouuiinj point dt~pi,,33ion, 11011.0 of thoce
yiolds b.Lg)1iaicLIlty highoa' ixipulav than thei 2ydrazino-vwatr
solution, T'iklroii ut Is. hl.!7h'r uincr they Involves unhlyarous
hydrnvino, and other p-roporltios rauch ess titoragn stanbilit,, vapor
prriauure or -Jonuity are f.oquenltly pooror. Wi, believe thut Vwhen
tumpýraburax aov~tioanin, -cann~ot be pa'ovidod water is, all thingao
conrjitered, tho boat p±~octionlt obltttive uov available. 1{owevui',
tho 3GLLZ'uh for' pi.rot.Ioal ec&d.1.tvozii Ithiih exert a losuor offtect
on the lizipulios ahoulci be eontinued.

1loturixinq briofiy to the trubjoet of gaa gfi~nerabion from
hydvazinto, thici cou lie uccompliuhoed in tvo wny.o: by vary fuol
rioh biI,.vopollant coiiibin'sti an or' by catalytic &dooonpouition of
hydvlUM.ine Atc0;e . lrlwruLrily because of the lowor molecular
voljght of' itri producta, hydr2arin se ticuporioz' to hydrogenu peroxide
an a rgn3 souro . nipropoillant g~to gonaration by 71; paco~nt
liydrr~zIle --nitric tloid at aL mixti'u'o ratito of about 0.05 (5i percent
oxidlyaroi) 1ri auo ojzc lIOUy demonstrated in a practical unit
suitablbe for driving a 100 tip Liubine at The M. W. Kellogg
Company in 194~7. Noar' stoitihiciot-rio covibumtion of the acid with
part oC the hydrazino IPrOVIeLed % heat soiiroe for thormal deoompo-
oitlon of the balanco' of the hydrazine. Satisfactory operation
wias obtained with a ohinractoa'istio velocity of 35800 f't per sea at
a gaas tomnpuraturo of 1.0000P1, which is about 40 pe~rcent higher

K performanaq than that of hyd,"ognn peroxUde lavnopropellant at the
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A, practiLcatl hydraz~ine monopropellant gas generator depand:
on drvo--lopm'Žnt ofa catalyat of nu~ftoiont activity for cold af
it~t.thtg which is alno nufficiontly dtirable for the sustainod 1L.!gi
tollpcn'aturu Loervlaor roquired. The M4. W. Yello~gx Cornp~ny inveati-
Fru'cd tVila prnb1.em± tn 1!,48-194~9. 33vora'. metal-Knet&J. oxide
cvti.j~tayl ce,; uJJions vero duv'olopod whi~h a~ppear'ed to Initiate
tho eaoo~mpoaiitori ustiefaotorily but failed physically ander
ceontinued testing~. In addltir~n, a unit deaigred to excohange
heat fr~om th~e dennmpoeiiti~ou p~i.90 to the inrlucat hydrc zino oauld'

M~it/111 oi`traticn ind~flinitC'4 On dpa heaLed thermal decompoaliton
bad, but only at a loui flovi'ats. Since this latter unit Int ratber
lmrgo Lind hoavy for its throughput and reequlres rreheatinrg, the
dovolop!,4at of % more active &ud duý-blo catalyst is the preforred
!iolut;!on. Cornaidar~i:g the degree of nuuoces ach~ievedIin nur quite
limited program1, it is believod that this pa'oblnru could be volved.

Tho limited availability ariid high coal of hydrazine have bee=
the pr~1±±u1.pl 1wpc~diYAvnts to itu widespread uro as a practical
rocket f'uel in thina country. Ve diucontirxuod largo scall' dovelop-
viont waric. in 194~8 Wid PrAotically all dovogopraent work IrL 19-15 1'
juat thrts rimaion. ~1- bolieve that tho overall racket dovolopmont
pr~giet of this counr~ty heir benn ratai'dad by the ncon-avaiflrnbility
of hydraziino 4kna Lhat insufriciunt iuttontiori has buen giLven to
thurj pzrobiew~. Wbilo such de~elopuiont of a cheaper and more
nrt'.Jri't vr'~t.Wd of Produotiun than tho BRiusuhig prooonn iu
adzl.Lttefl~y cliff ioiit, the Allroican Chem~i-oui Irnduustr has soilved

zwiuy diff'icultt ~be bc-foro vh,3n sufficient incentive 'ens
nupplied. Deveoi~njat of a suptezior production pronen ieus the
wou~t 1immprtt.At viin!-,o problon~ to ho oolved if hydrazine is to
realize its potantailltios aa a super'ior rocket fuel.
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* CONFITDEN~TIAL

Dw. F. II. 8EYMOUR (office of NaSvI'i ~Runarch): I vnu t'rlinkinj?
about Lhe picture that shaptvs up ouit of tire discumssion of the 1119,1,
tvo Lays. I t~h~nk with refnrnoe pparticularly to tho first pArt of
tho program, on the prooointi5 for makcing hydrazino thatt to got tile
whole picture we should give some thought to what wasn't sold here
da voll ns to what was -aid. The're was quite a bit of work not
ruported here on the prooonnea, t~hat which ¶110 repoe'ted by the
military pervicesr at outch placesi as tho Olin Indus~tries, and.
ausucotatod 9'roupa., Battollo and: tile r-dwal Laboratories.

I think probably itoat of you are faim.iaz' v!.th this but a lot
of work hns been done. Sko= 0± tile uppioachas neieua to be gcod.
There Is a.till work ooing on in addition to that mtnitionod here under
dll-uct jr'onoornhip such au~ the work of tho Univers~ity nf rIllinois,
and I bollove work I.d aL~o beiae. dloao b7 the IBurntau or M~inus, And we
in O1N11 are carrying on a otudy of' the use of' tho olectria d1,~ohorL~e
which could not be put lit a papor to present herme.

I could sum it up by sAying we are In at positicn analogous
to thn, oh,,ctoal work which Dr. GunnIng reportud oil. You Ltru fighting
a problemi with a loie porcontage of conversion where power iu arlso
your prinle raw nttorial * Th~sin ralcts it difficult, but zitill .vortij
lookIng at, wo IVonl, and both in the pout an~d In the prunent thoro

hsbeen., 1 think, a varying aimount with sornetimen L-uvtll, rionletiflifl
largso amounts of work donia by vdriiou. private int'<vestis oil their
owrn. Thin¶, of ciourat), ham not been reported onl publicly andl you can
only gauou as t-o where it is, what it rnm'y con3Aqt of, but 1-t Is a
raotor.

I think that an onnouraging thina im the do -olopmont or tho
flanchig Process. It hais been puuhed alonjd by th. Mathionion pooplo
and hcan ubova promise of eivin(S us a process which will meet our
noods quite weil.

I think we chould also conrsider we maty hnve groiat eznthusziasia
lit ono of the variousm rocearoh areas on another aiyotmzz whioh fi1l
glva usn actauthinjg closer to thu ultimate prooess which one of the
spe'mkors sort of hinted ait whom he pointed out tho banjo matroriaizs
that go Into thin are cheap and pltentirul.

I1 thiak thurts are two other thought to n the whole program that
occur. Otne to that hydr'azitne to not only uniqun, hydra-,,ina to
versatille. I think if you think or' the applications discussed dluring
the pitat day or so you can see that it is so. If it had' been only
for rookot propollantu. or gun propnilantzi it might have dropped out
of the picturo because of ito high cnot and limited availabilit7
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Uy:~b tCtO~NFID~ENTIAL

neveal 7ear ag, it It s a very uniqjue sort or choatcl for
miliarypurpsesas ell as the many other purpozon.

Ithink the third thing to give a little thoughU to in that
thin work that ban boon repo~rted In just part of tfif, work roflly
on ft rlttempt to exploit, one compound and whon ý-u think that thereare nalybo 20 or 30 4aoti1 v. contenders for propellant aipplications In'
the liquid field today, I think it tells uuj a littla bit the answer
to tho quorntioa often naiked about, "Why can'~t people settle -on one
and 11aY that is it and go to work on~it?"

HR!. RALPHl 13LOOM, Jr. (Buffalo LElectro-.Chezniol compamyrs moo):
Iwould lIke to nak Mr. Crant ab~out the pullet also In his Ahambere

anAt whether or not sni.ooh operation renulted from the use -of thwens
pollots.

ER~I. OUIAriT The type 11-7 cutalyist origtinally Vag used In the
frmof. 3I A6 X 3A6 Inoh cyl.inders. Itcofvevev, it was. found that the
oig~ns or the oyloiders ttericod to brea~k off anid omwie parti'~l ologgins
Of the 'mtniyat b,-d. 'ror this rrajoa ve olvoig ovor to quArter
InchI aphoree whicoh oiimtn-itod tho prublom. of1 catalyst disintegration.
IM noaI. of tho baatn whicoh v'a havo mndi, thon opeixation of t~he
reaaLtori chambers was quite uanooth. Ini a few touta vo 6ohaoved a
fok'U1 of pvonsure fluatuation 'fhiuh van round to be ciaused by a vi-
brational o6upling botvoon tho roeotAion obntaihor and thu hy~fazine
food aystemn. We have a'lwAyn been able to eliminnto that phehneionon
by Lahijunt~ing the aize and length of thu hydrazine teod linies.* The
mnajorit~y of the ouoillographio records of roaction oflamber pressures
showed smooth oporation. The typo F14 ontalyut In obtained Xn theform (if 3 x 6 niorth gvanuloa. We ge'neaxlly sorot.'n thin catalyst Inorder' to el~minate all fiinea.

Dfl. LIM~ER: I would just like to gay a few words about the
Ineu~ntlg in gonoiral following Dr. Seyirzour who h,,n capably givda U3an overnill piaturo in a fay miniutes.

The amAzing thing to um in that no often work In ~oiig on onl
this limple aoompounid aompri'nIng Only two nitrogen and rour hydrogen.
WhIle In Lareu tingly onough noise of the work has booon rupor'ted here
thoro han been unreported work going~ oni all over the uountry. It
III rather incredible to think what han come out of the disoovery
of Thoodore Curtl~us in 1.1387 and even not too many ye'arb ago -- I
let's say ton or fifteen -- it would havo boon hard indeed (thee*
remarks tire dirootnd to oni, oolloag'.en) it vrould have been ýathor
diffioult inideed to have obtained such laxaae smsm of money for
contracts on hydraziziu reuoaroheu.
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I~. CONFID1ThTAL
I thtnk we owe a debt of gratitude to all -of the autho1rs ofthe p.apýsr of thin miooting and their pro.otat.'onh. We nlao owe ad 'ebt of g'titude to our audience who havo comf., from 11 parts ofthe cour:.y, •without which a otimulatls# amootiagf would have been1mpos,1bl6. I think we will all agre% that tLIts has been a very.stimulating mqetLnp, Indeed.

T11M CHAIRMAN ; I think the tone Or this M0etl•g is q1Ut* an
tuprovem•nt, ovezr Lhu meetingu that were hel@ yoa•, nao on rooket

propotlAnts, and that it seumed thftt It Soeetod the authors were allvoery modest in th'1,r nlaimn for their Partioulazr systema,

Mfirnk you ver'y much, gentlemen. The "eting ts 4dJouirned,

41

3 8. ' A L
CONFRIDENTJAL

SECUR ITY

NU..

A,

7..

/" "2



OFFICE OP TM(LaAS3831ntAnNT25SLCRLý.TAG,.y OF DhFa13U

ReP#nrch and fl~vo-op~.?nt

2 Novemnber 1953 *

MEL*Z10RANDUXM FOR THll RECI PIENTS Or, Til UE iORT ON1 T.PROCSZTDIWOS 4F T 1M lL 'M1POSIU ON
niDRAZI.1g At,1D IT APl'LICATMo,;3, IR PU5/.3
Delav1uultic~atlon of pa~per (appondix),8UBJ~T~ "M0' TO~iC01*09 of fUydr~zIn - A Revievi"

1.In 00'r~1iance. with the reuest of the. author,01%. SLuophenu Xrop, Army~ Chrqimc&le Corpm tiledioal Labors-tori'.e, the subjecot (Pe airj 388., PR~O 205/3dated UIpteiaber L953 ±gv dowiijvmded to UnolamsitleCd

fLxecutive. Dire~ctor
COMMitttO. On~ iueeIg And Lubr~canta

YI

.. w.

'VV1

rsilk

0.a



THE~ TOXIOOLOO0Y OF 1flY1)fAZINS A R~EVIEW

by

St.ophen Ko
Army Chamioal Corps Meadical Laborktori~es

Appreoifition 'of the verma4t11±Ly of hydrazý.ne as a reagent
in tht, syrit~hesis of larpo nuinhers of org&unic comoanunds an~d In
itsln ueulnebs an a~ propollAnt fuel. bringi anl evjer-inorOAGIng
nunib'r of .pitr mnel In oont'iot with hydr~&mito aud, honoo, tho
~oxpoure of gr~&Ltie and Froater nuinbe-rsio p-risnu to t)ho toxic
h&:*,aNrd of hylraztnaG AlVhotigh derivativus or hiydr'azino hud bonn

villoly known aind utuulli"d intcutiivoly by rchizito by the rtmr 1875,
pruv' hydrztino vas unk-Aown until about 18911 (iR. f)

The 1,4a~y In~ isolatjfou cjI the pure =%tarial postulatod fro
so .lonV. Lwty puuiqibly have boon diio to its groit reaotivity. One
of Lhto uarly Tzu-tti of Lhe reactivity of hydranin.e zind Ito
dojrivativo~i with oarbonyl i-op jua b foiid In the ork of
Em~Il. leinlni(r on Lho striioturo of uu~r~ara. It fl11y bo. ruoallod
thnt F'±uchur rotine. the roaction batweon pheay1hydrzt~ne ftnd the
ourbioInji group ln eniiars of groat usl~S'uflneun in his studly of
tho z'ti-mitiw or toif~ar oonioeriting which oo little was unjdort~Nood
until that tima2. The hydxrogon att'aohod to tho nitrog'3n in
hydrazinc) uad it&a £Ioiivativ~ni i." oxuremoly re..'euitvo with oxyge~n,
ohlorttwo, and atfl n 1r.1. oinionts I~nit organtoc omnpoundo And
it to by virtuo or~ thin iv.,ut that; hydrazine coziibinuan :o readily.
with it lurl-,o vr!ýitty of orgnnio aotr~tiondo by condonvat~ion. Ito
vurmitil1liy in rca~ottnS v~ th n~ wido variety of ovrgrnic compoundli
(111)f. P.) pJrhai~n hor,tvs a ral~ationmh~tp to Itri Injurioun ofifoots
on li.vtiorl rn.ttnr. Thirclfo2', It in por1vl'hip iut korprAi.i1in thait
hydi-u'.ine and Itt, c1.rivatlvejns hAV@ n variety of* Wo~logiOal coffecot

Evnit befVore thu 1.1 itlua o' hydravino In pure foizm, it wna
roegnin by tbonie who worked with hydr&a.tna in solution thilt
vapore nuintny t'z'om the solution wero highly irriftating to thi, none
and thro'~t (Vor. 3). The pz'oparntion of hydrcl'a'.n ir high dogý:"An
or Purity !ioon brought roport.a that the oyea wo-wo afroct~od by
IiydruýA.nu vnapors and also, or 0oiurl~e, with hydt'azirie in ol4Outionl
if uplanehd into tho eye. Although damgo~ to the oay Is oaid to
be tompornry aftmn v'apor v.po~urs, the Inju~ry Is nonetheloam dim-
abling, artl with coourwrtrated solutions or liquid hydiazItie,
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permanent Injury to the eye may result. It is :crtunate that
the irritating anunfiftacal odor, of the vapors is ouch an to preventI
bhe tnhalat.ion of danverous amount; of h dra71ne by personnel
making nnd handling the rAterial (Rof,..:.. Novever, it in
pot.•ible ton sustain •erioum kidney end liver d-rage by skin con-
t'mt etth the concrintrated aolutions of hydrazIno, and by
in•8(Jtion. In addition , severe skinv injury nAn result from
liquid hydrazine contaot vith the akin possibly by virtue of the
bai,.oiL•y rf hydrarIne (Ref. f). R.enoe, penetrating burus may
bh produced by formation of soluble alkaline metaprotein An "
cvnLrnrtod vith the hard, orusty insoluble acid mnetnproteln whioh
is characteristic of acid burns and vhJo~ hinders deep ponetration
of most aoids.

In reogrnition of the forogoing, th. folloving revi'v it
proeented on. the toxicology of hydr&aine in higher animals. NO
attempt has boen made to presont a compl-ete bibliography; rother,
rofoierses in nwianly made to obsorvations ihcoh uotm to Ouw"lyrizu
boot tho present )uiowlodao of partioul'wr f£utuzen of the moohaism
uf Luxio in jury, of the control of hazard, and or the treatment of
poisoning.

1. Toxicityi ou to and C~pAtj

fych'a:.Ine appoars to be toxio to all forms of life.
ib-lnjl't Lhe higher 4Inicalo, there appears to be no lmArled4 epeoles
difforonoo in son.L'itAvity to the toxic aotions of hydr•Lin., It
Is boxfi by all routos or administration and does not appear to
differ i.irked1y froum uther compoundta in the di•ofrAmos In toxtoity
oba'rvoci by dWrfoVront ,outc- of adminim •:ation to any given speoies
(11ofs, 4, 5, 7). Tablas i and II au,:L',iAo the toxiotl;y data.

Anorexia, sie-tght 1 )uo, mu•cla trvwore, vumkh1tsts, and voweting
lire tho ohief symptoms of chronia inhalation exp,'aurs of oonoen-
trations produoing 'nlnimal pulmunary pkitho.logy (Ref. •)°

a. Central No2'voilm jyeteml Toxic amount. given intra-
venounly to oats, 4ogn, tMn other anrimals roeult in oxoitement
and oonvulalona after a laLent period of fifteen to twenty minutes,
or logeer vith osmller doses. Shortly after intravenous Injeotion,
hypuurpno•cp|prears, followed by uxaitornnt and tonto-olonic con-
vulitlona LoJnotbJnoSý-ooonpnnlnd by oplath.itonus. The pupili are
oftson dilnted during tho oonvulsive siages. After large doses,
dyupnua aon cyeanouls nupervone. Duch central nervous system
stimulation is. of course, controllable by common central nervous
ayntom depressants such as barbiturates (Refs. 6, 8).

* . ..
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b. Heart and 0irculationj If convulsions arw prevented
by barbiturates or other central ervoum *ystem depriessats,
effects Upon the oiroulation my be ubeeiirad ri dtly. Convulsive
d089. produce 6 PeOCipitOUS drOP In blood pressure v.h.@h to
transient, retuminm to normal and them apin falling ovei a
period of tim to shook leves. The Paeemaur or the heart. and
auri•ulO ventrioular conduction are deVeseod, ,ith voet laige
(ele., the cntvaoti~llty of the heart itself Is da•4aold. and
terminally ventrioular fibrillaLion my euprvene Af. 6).

o. Gastrointestinal Tract Ifteots observed upot the
smooth muscle of the gastrointestinal treet inoludrn vomiu.
which occurs In unane•thotised anlAals, and an increase Lek tone
ot the gut. This effect, however, me possib be due to a
central nervous system effect, ince ioosoAted tetLnal strips
do not respond In a o•parablo fashion (Ref. 5).

4. The Livenr Nydrasine has striking effecots upon the
liver as was noted very early in the century by Underhill and
Kloiner (Rotf. 9) by Vills (N 10), and later by lodansky
( ,At. 11), And rOthoer MS41!, superficially, the effets U1pon
the liver notemble those of ohos?•horus but differ In an Important
remspe t in that the pa•enchymatous cells of the liver alone seem
to loose their oetoplas to a large dean@ in hydro.sIn* posoalog,
somtLims leav" behind practieally denuded nuclei vhenevor the
cells are ragntedl however, the oonspoLuous feature about the
Oydrauine-poimoned liver Is the a fatty replacement or
"fatty degeneratior. that ocour. thrughout, startio . principally

at the central portions of each lobe. .ke blood vessels and
biliary treat we v•ry little affected. It the doses are not too
large and pro•ided a sufficient amber of functional cells remain
to tide the poisoned aniaml over the critical period the effect
on the liver io reversible (et. 9). Zn further contrast to
phoplhorus, it &ppears that the greatest visible ijuryI by
hydrasine ai cantneod to the liver, whereas phosphorus injury
is more uniformly distributed among organs.

o. Tho Kifdeyt Although amotemia has not bean reported
as a terminal feature tn hydrasine poisoning in Animals, urinary
abnormalities my be observed. Sam of these my ariae from
effects elsewhere, via., on the liver and upon the blood,
However, the appearance of protein in the urine in the abeenae
of extraenal urinary tract involvemnt must bc considered to be
due -..o injurious effeets upon the kidney. Hi.t.Ologiqsl ohans
in the kcidney have been reported (Refs. 10, 12).

"f. Ittfeo. Upon Netabolism| The hypolyOmcal hction
0(Ref 9 ofa hydrasne sti ated a number of studies nn its

metabolic effecs. Underhill and associates (Refs, 131 17)

• ' ,, : , •'

4 ; .EClUPNRTY INIFORMATEv-

,,J",,.

•' .i .. . i•..,ti •v~~.,,,• i •+ ; , " •.



oonoluded that Increased c ujoose oxide t ion was the primary Onimo
of h poglyoemia, basing tee.r belief oan the rP.-n in respJPADo•Yquotlent during one period of the ooupee of polsoning, on til~e
fall in liver yoogen and on allegedly Increased oomouutlor, ofadmintstered lu~ooee by bhresixalsed animals. Now weOr beat

production was not inreaseed an the :ue ofo:sho•ih of"Increased oxidation eof carbohy~drate to oPI i~n the 1179q)11..YOMIS•

Ias opn to question, Morsover, the offets of etin ve
=l nt:o & o:r not to have been :ompletol. aeocutited fur,

Inalmzoh apo no~eaed allamtoin excretion, for example, *ao
aOribed by Underhill and collaborators to inanition.

b8ub•beeently Levis and to-worherm (Reos. 12-lg) aud
others (Ref. 18) demontrated acoumulation of amino acid nutrogen
In plasma of poisoned dogs, with a reduaod ability of the liver
to Convert AMinieterod glyolne and glucose to gf0olo0nn
Parenteralll and orally administered lactate did not result in
increased pycooen deposition in hydrazilnsed animals, and the
blood sugpr responseto lactate was exaggerated.* Islic ooncluded
that the Injuredliver was unable to produce 1 on from non-
carbohydrate (fat snd eproteLL) materials as 910 and thu. the

ucod tlar level could not be sutalined (No", &) oblae
accusled d In the liver. Nydrasii*o did not affot tissue
protein level. on rabbits (3ef 0) or asotone bodt produotion
of phlorbisinised, fasting Zrat. (Rot. 21). It appears certain,
therefore, that in addition to preventing deawnnatlon, b aMISSinterferesw critically with rsoetiono Importmnt to ,the utilltlzton

of carbohydrate material possibly at the three iarbon residue

Yevel._ The protective o e f pyruvete reported by Cole
(of. asnd the toxic efreet of glucose to hidra•intsed animl

claimed by Underhi.ll (Ref. 15) seem to add support to this idea.
The rise in plLem p1 00 com•i•igt power and NaS/01 ratio

during one stage of poisonng Is boliove by coma (Rot. 18)to
be accounted for by loss of acid in v4mltihng hovever, the ohlorlde
lovs does not appear to account for all of, the alkalosli and
hones. an additional and perhaps deeper-seated cause for the
&acd-tase Imbalanoe must exist.

The rdoent literature contains little inforfti±tion on the
ha&a&s or elydraains and Its saIts to production pleat personnel
and other handlers beyond pnevl statements in publ atlomo pri -
mraly diroeted to oheaical and production problems Ro•ts. , L2).

,~ .~ The Affects of brief and of prolonged exposure of man have not
been described in sufficient clini•al and laboratory detail to
auteraine the extent of qualitative sad quantitative similarity
to the effects on other antimals, Vapor inhalation, and liquid
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eyn and skin contaOt are the major routes fo0 LnJuPb1.lus xpOeuUs,
mud effeoe way be 10al, 6Y$toLao, or both. DeratItis aftSe
skin *ontaot has been iporc (lef. .22). The aurnoniOO Odor
of hydr•8lso and •/'ootlye. ventilation ocmbined should ,euoeinhaslation hasart adequately, end DrA f1ush.ing of. skin "d

:ye wi.th 0oploue atltios of vatieT lahould reduoce tke hazardf1 alkali.-like a•• bum and ot peoutaneous absorptiLon of t~oxic
amounts. It remults of animal experimaints can be applLed to son,
Oomplete vaporisation oa one-half cuace in an uuvnl lat~ room,
20 x 10 - 8 teet would result In appoxIsiately 40o mg/n * C.
dang•rous concentration if none wero adsorbed by the valil,
furnishings, fabrios, sto.j the ratio of adsorbed to hydrostLn
vapor tows would determlne the amo&unt of a pilage expected to
be dangerous. However adsorbability of hydrasLne i& potentially
sorioul alace brief flushing of a roon vith air after a spill
ma iea to a fa•se sense of seourity Lsemoh as the vwall,
finshinga, ito., could subsequently give off suftioienlt hydra-
I&,teto producO a hazardous situation. Possibility of suOh a

hazard should be atoertained In eaoh aitnAtion by nsutable study,

4. 'ermonnel P Aattin and +reatinn o1 Poisonin:n

Aside f 7% the prO*iaioae relative to ventilation and
washing of liquid oontaot with water implied in BeotIon 3 above,
adequate respiratorsI eye-SlasaesI rubber a p ronl gloves, *%a.,
should be provided v*olrver there Is risk or exposure and ar.-
toosrlFyin the unusual ciroumstanco of Insurfiolent ventilation
and laok of water. Teatant of oasualties is, at the present
state of knowledg emprlPJresl and taomatia, and n o single
symptom is diagnos•co of hydravine lntozioation.

Oonvula~ons obaracterietio of &oute Intoxication nay
be controlled by judioloous u" of a barbiturate such as pentobalr-
bital or thlopental by a physicia, with due regard for the
oentral nervous sstem depresoan which often follows a oonvumiv,
episode of any origin.

Skin and eye burns should bo treated as are those pro-
duoed by host or by any other alkali. Dyspnea or other signs
or pulmonary daiage should be mana•ed with oxygren Lnholation
and liver ,d kidney injury shoUld be treated by oonventiona•
methods for renal ad hopatio insuffiloonoy to t1hw degree arequirei
by the extent of Injur•y sItained. Thti should be determLned by

, K' ,,kidney and 1ve r function tests, paItioularly carbohydrate
"tolerance and piasma amino asid nitwonen levol following amik'
acLd adclsnistration. Additional treale•lat may Include ascorbic
aCid da.rnistration, it result. of treatment of aCute intog:ioation
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1'upolft'e3 In qoxo .9nimals are app.'l'ca1b1o to othber eprs 0e0 (P13f. 23).
'iho protective effeat of pyruvate ahlvdtd to earillt er '.
Ir'ly be aunn.'jdierod In oever', Poisorling, and cautlon Ili t1.0 use of
elucose 31io'ad be n~jorveA (Befs. 8, 15). In Devru "P~t Poison-
ing, 1fltiavenzotuan TtI.ti off ffuid.-4 ,'hrvjt be toz1060-fe.

2 . fjobry do Br'uyri, Ber,, al, 3U5 1895
2 - Byrkit and Mechal~ei, Ind. & Bing. Chem. 41, 186P,. M950

3. Curtlua, Ber., LO, i633ý, 1887

4. Comstock) Lawso~n, Grew,,r, and Oberst, 01humioat Copps Midical
L"Iboratoriea Rooonoh I co.-t, to be publi~hLWI KAINI' Lh,
Coinst1:ok andl Obuod t, P~od. Proo. ý1, 3,14, 1':ý22 Cuiimitook and
Obo~rat, Foci, PX'oo. -1 1 , 333 lc,

;.KunklkV, Fitne and Wills. ChondIoaJ. Corp~ii Nodkixdtl LiilloitoV5.es
Žaooroh Rlepor't No. 8S3, Svptc-ribc'a 1951.

1.1alton, Richarxdson find ZD'cdie, Choe-0.oal Corp-n MxUod,10 y~o.

7. Thiones ot al, Northi Am,,rican Avi~ation, Ine., repcit N;).. AL731,
I June 190,8 R~. G. liorton and L. I?. Oornn, por'L'QflU ionniunlaatlon

V~ ole, Ameirican Society of Phlarinneology and Rxp AL1i011tal
"~'heOMapt~itos0, 1'ali. hiajnt~nt; 1952, to be publialed 1I

9. Undo~hii1 qz~l 1Qelnor, J. BItol. Chem., 40 165, 1901

10. Vella, J7. Exp. Mod., 1,0, 451, 1908
11 , Botily J. 131o1. Cha.in,, IT, 799, 3,923-4

12. foevie arnd Izuzni, .7. D31ol, Chem., 71. 2., 96 -V

lit Underhill and Prir.oe, J. Biol. Chem., ~,299, 19111

15. Uxuk-i'ill and Murlir., J. Bliol. Chem., EP., 499, 191.1

16. Unuder.i.11 s-nd 13&umsinn, J.T F) '. Chow., 16 l9, 1916
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